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England, says “engineering is the basis on 
which the magnitude and rate of progress 
depends.” p. 666-71 
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account in determining the most economical 
load division between generating stations, 
especially when these losses are large. 
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Unnecessary operations of protec- 
tors on low voltage a-c electric power dis- 
tribution networks are eliminated by the 
application of a phase sequence relay. 
p. 689-97 


A NEW insulating material for low volt- 
age network cables has been developed that 
will withstand high temperatures. Faults 
in cables with this insulation will burn clear 
without producing smoke, or inflammable, 
explosive, or toxic gases. p. 682-7 


How much light should be used in 
the United States to give the proper 
level of illumination for various pur- 
poses? p. 716-19 


Nominations of A.I.E.E. officers 
for 1934-35 soon will be made; sug- 
gestions are solicited from the mem- 
bership. p. 720 


Mopern railway signaling as ap- 
plied to an eastern road is described in 
this issue. Many features of this sys- 
tem are common to most modern 
systems. p. 712-15 


Aromatic train control has 
been applied to many railroads during 
the last few years. How the different 
systems are applied to 3 typical roads 
is described in this issue. p. 698-702 
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have a reasonable factor of safety 
between insulation puncture voltage 
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age. p. 678-82 


Tue Engineers’ Council for Pro- 
fessional Development ‘‘aims to co- 
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Maximum efficiency of a mercury 
are rectifier is said to be obtained by 
operating at a higher temperature 
than ordinarily is used. Operation 
at the higher temperatures makes pos- 
sible increased cooling efficiency. p.- 
671-4 


E ovations of motion describing 
the pulling-into-step transients of 
synchronous motors are solved readily 
and accurately by the ‘‘differential 
analyzer.”’ From such solutions the 
pulling-into-step performance of prac- 
tically any synchronous motor can 
be determined. p. 707-12 


ELECTRICAL ENGINEERING 


eT a we A” ee sh 


More About the Unified Publication Plan 


Orn THE front covers of the last 
issue appeared an important announcement outlining 
briefly a new policy that will govern A.I.E.E. tech- 
nical publications. The purpose of this and possible 
subsequent articles is to enlarge upon these points so 
that the entire membership may be acquainted with 
the causes and effects of these changes. 


ELECTRICAL ENGINEERING TO BE ENLARGED 


Enlarged to accommodate the inclusion of the full 
text of all formally recommended technical papers 
and the acceptable discussion thereon, the monthly 
publication will become the Institute’s primary 
technical publication. It will continue to be dis- 
tributed to every member of the Institute thereby 
providing a channel through which timely technical 
and other suitable material will be placed regularly 
in the hands of each member. 

The new material to be added to the monthly 
publication will include all the officially recom- 
mended technical papers, technical committee re- 
ports, and discussions, heretofore available in com- 
plete form only in the quarterly issues of the A.I.E.E. 
TRANSACTIONS from 6 to 9 months after original 
presentation, and from 9 to 12 months after their 
original preparation. Although some have not so 
realized, some 40-odd per cent of this material has 
been included in the monthly publication since 
January 1931. Now, however, all of it will be there 
and further discrimination in favor of TRANSACTIONS 
subscribers will not exist. The program calls for 
the release of technical papers for publication im- 
mediately upon their logical completion and techni- 
cal review, and irrespective of their possible inclusion 
on future District meeting or convention programs. 
This will eliminate the present serious overcrowding 
of meeting programs, and will make possible the 
wide distribution of a paper that is necessary for the 
stimulation of constructive and properly prepared 
discussion in time for meetings. Under the new 
publication policy, the formulation and execution of 
a properly balanced technical publication program 
will be definitely separated from, but of course 
correlated with, the planning and presentation of 
adequate, logical, and timely convention and Dis- 
trict meeting programs that will be of the greatest 
possible general interest value to those that might be 
expected to attendin eachcase. Likewise, discussion 
on the technical papers, arising from their timely 
publication and wide circulation, will become avail- 
able and can be published month-by-month. It is 
contemplated that written discussion on any live 
topic seldom, if ever, will be subject to arbitrary 
time limits. However, it is contemplated that the 
principal part of acceptable discussion on any one 
paper may be published in the issue perhaps 90 days 
succeeding the date of publication of the original 
paper. Thus, those who are interested in following 
the discussion of any topic will know about where to 
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expect to find it. From the standpoint of future 
reference, the annual index, of course, will provide a 
complete system of correlation and cross referencing. 
In addition to the formal A.I.E.E. technical 
papers, there will continue to be included in the 
monthly publication the full quota of special feature 
articles that have proved to be of such wide general 
interest since they were introduced in January 1931. 
The membership at large, and Section groups in 
particular, can be of material assistance to the Insti- 
tute’s publication staff by reporting sources of ma- 
terial of possible general interest to the membership. 
In the news departments, primary attention will 
continue to be given to Institute matters, and to 
other matters of interest and importance to members. 
Suitable items reflecting activities of committees and 
of Sections and Branches will be published as avail- 
able. Likewise, important information concerning 
other societies and, in response to a widespread 
demand, items covering the more important activi- 
ties of members will be included. So long as there is 
sufficient demand to warrant it, the Letters to the 
Editor columns will be retained. For the sake of 
necessary economy, some of the routine departmental 
items that have proved to be of little general interest 
value will be eliminated or reduced to a minimum. 


QUARTERLY TRANSACTIONS TO BE ELIMINATED 


With the completion of volume 52 for 1933, the 
quarterly TRANSACTIONS of the American Institute of 
Electrical Engineers will be discontinued as a sepa- 
rate publication and issued month-by-month through 
the pages of ELECTRICAL ENGINEERING. Thus, 
those who have felt the need of subscribing to the 
TRANSACTIONS, in addition to receiving the monthly 
publication, in order to have the full published 
record of A.I.E.E. technical material, will have no 
need to continue this added expenditure. For all 
who may wish to continue the accumulation of a 
library of bound volumes, there will be issued at the 
close of each year an annual volume cloth bound in a 
style similar to that previously used for the TRANS- 
ACTIONS, embracing the material included in the 12 
monthly issues. 

The charge for this extra, in fact duplicate, service 
will be nominal, but it must at least make the annual 
volume a self-supporting undertaking. Because the 
printed sheets for the annual volume will be pro- 
duced month-by-month, it is absolutely essential that 
all subscriptions to the annual volume should be 
definitely committed a year in advance. Thus, 
those wishing to secure the annual volume for 1934 
must have a subscription commitment in the hands 
of the order department at A.I.E.E. headquarters by 
December 15, 1933, although payment will not be 
required until the annual volume is shipped. In 
other words, the annual volume will be supplied only 
on advance order. 

Publication Committee 
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A Century:DevelopmentinndustryansEngineering 


Local Honorary Secretary A.|.E.E. 


By A. P. M. FLEMING Metropolitan-Vickers Electrical Co., Ltd., Manchester, England 


MEMBER A.I.E.E. 


NDUSTRY, which is the 

means whereby natural 

resources are converted 
into a form convenient for 
the use of man, depends for 
its progressive development 
uponengineering. It would 
be impossible today to 
maintain the teeming populations of the world at 
the present standard of living if the transformation 
of Nature’s resources to finished products depended 
solely on manual effort. The power necessary for 
this purpose has been made available by engineering 
achievement. Further, it would be impossible to 
distribute the commodities without the facilities that 
power has provided. In the development and 
application of this great asset, science has been the 
creative faculty. 

Every country has contributed to the Century’s 
progress and it would be invidious to compare 
respective achievements but, for the manner in 
which for generations she has given free access to 
men of energy and pioneering instinct from every 
country and race, tribute is due to the United States. 


1833 


A brief survey of the world’s industrial position in 
1833 will serve as the base line from which some 
measure of the progress of the Century can be made. 
The principal industrial countries then were Great 
Britain, France, the United States, and Germany. 
Great Britain, due to her geographical position, 
mineral wealth, isolation from the then compara- 
tively recent Continental Wars, and the early 
development of the steam engine and textile ma- 
chinery, had the lead in engineering and in the 
principal industries of that day. In France, indus- 
trial development was hampered by financial and 
other difficulties, particularly internal transport. 
The tendency for England to consider America pri- 
marily as a source of supply of raw materials and a 
market for finished goods led to the restriction of 
the export of textile machinery for which she had 
become famous. The effect of this restriction, 
however, was to assist the development of industry 
in America. 

In England and America most of the internal 
traffic was conducted by waterways, though atten- 
tion was beginning to be paid to better road making. 
In Great Britain the position with regard to power 
engineering was such that the average size of steam 
engine was of the order of 25 hp with a maximum 
isolated instance of 110 hp. There was no electric 
power and no means of communication other than 
During the Century”’ delivered before Section M (engineering) of the American 


Association for the Advancement of Science, Chicago, IIl., June 27, 1933. 
Not published in pamphlet form. 
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Citing engineering as the basis on which the 
magnitude and rate of progress depends, 
the author indicates the scope, and outlines 
some of the features, of the technical 
developments of the past 100 years. 


by direct contact or visible 
signal. Railroads were in 
their infancy and iron ships 
were rare and considered 
experimental. The appli- 
cation of steam power to 
other than railroads, mines, 
and textile mills was but 
slowly developing, and it is interesting to note that 
at the Royal Arsenal at Woolwich cannons were 
still being bored by a mill driven by 4 horses. Tools 
were limited, instruments of precision were completely 
lacking, measuring instruments were confined princi- 
pally to the rule, calipers, and straight edge. 

As compared with today, standards of living 
everywhere were relatively low, and in Britain par- 
ticularly the concentration of workers in towns 
without adequate provision in housing, water supply, 
and sanitation, led to much squalor and ill health. 


STEAM POWER 


The Century is justly regarded as an age of steam 
power. Although the development of the recipro- 
cating steam engine came earlier, its extended appli- 
cation, and the subsequent development of the steam 
turbine, the internal combustion engine, and the mer- 
cury turbine all came within the Century under review. 

With all of its principal features tried and known, 
the development of the reciprocating steam engine 
after 1833 was largely concerned with improvement 
in details, refinement in design made possible as a 
result of the availability of superior materials and a 
more exact knowledge of their properties. During 
the Century the steam engine rose to its full de- 
velopment. Supplanted during the past quarter 
century by the steam turbine, and more importantly 
by the internal combustion engine which in horse- 
power and range of utility today easily holds premier 
position in the power fields, the steam engine is still 
supreme in the field of railway locomotion. The 
development of the dynamo which demanded high 
rotational speed exerted a powerful influence upon 
the reciprocating steam engine, leading to the de- 
velopment of high speed steam engines, and ulti- 
mately to their displacement for electric power 
generation purposes by the steam turbine. 

The modern steam power plant dates its rise and 
development from the successful application of the 
steam turbine to electric generation, and later to 
marine propulsion. Although Parsons took out his 
first patent in 1884, it was not until 1891, when his 
turbine was operated with a condenser, that it was 
able to approach the reciprocating engine in economy. 
By 1900 steam turbines of about 1,000 hp had been 
constructed. By 1904 several units of 5,000 hp were 
in operation and one of 10,000 hp under construction. 
In the next year or so the superiority of the turbine 
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as a convenient and efficient prime mover for 
electric power generation was fully established. 

Application of the turbine to marine propulsion 
was made by Parsons in 1897 when the 100-ton 
“Turbinia’” was fitted with turbines of 2,100 hp 
driving 3 propeller shafts. Ten years later, battle 
cruisers were fitted with turbines of 41,000 hp, and 
the Cunarders, ‘‘Lusitania”’ and ‘‘Mauretania’’ were 
equipped with turbines developing 70,000 hp on 4 
shafts. Just as the turbine has been responsible for 
condenser development, so also has it led to greater 
refinement and accuracy of reduction gearing and 
the development of high speed single and double 
reduction gears of large capacity. Electrical trans- 
mission in place of gearing has been applied to some 
of the largest vessels in the United States Navy, and 
to certain commercial ships. From the fact that 
some modern vessels are equipped with electric pro- 
pulsion, whereas others now under construction are 
designed for mechanical gearing, it would appear 
that the respective fields for these methods still are 
undefined. 

Despite the classical work of Carnot more than a 
century ago in determining the efficiency of the 
perfect heat engine, and Joule’s enunciation of the 
principle of conservation of energy at the beginning 
of the Century, the development of steam prime 
movers did not receive intensive scientific treatment 
until during the last 15 years when a much closer 
study has been made of the factors underlying the 
economy of steam pressure and temperature and of 
the cycle of operations. The improvements that 
have been introduced are such that now the cycle of 
the turbine approaches the Carnot cycle. The idea 
of a binary fluid turbine already has been brought to 
a practical stage in the mercury vapor turbine, 
developed by Emmett of the General Electric 
Company, and the performance and experience of 
the power station at Schenectady, comprising 2 
mercury vapor turbine sets each of 20,000 kw ca- 
pacity, will be watched with interest. 


THE INTERNAL COMBUSTION ENGINE 


As early as 1680 Huygens made a gun-powder 
engine in which a charge was fired when the piston 
was at the outer end of its stroke and a partial 
vacuum produced behind the piston as the resulting 
hot gas cooled. In 1820 a suggestion was made to 
drive an engine by an explosive mixture of hydrogen 
and air. At the commencement of the Century, 
Barnet proposed to use the compression of the 
charge, a practise since universally employed. An 
outstanding development in the internal combustion 
engine was the use of the Otto 4-stroke cycle in 
1876, which cycle for gas and vapor engines has had 
no serious competitor since. 

Diesel about 1895 developed the heavy oil-burning 
engine and surprised the engineering world by the 
unprecedented indicated efficiency he attained. The 
diesel engine is the most universal prime mover 
developed during the Century. In addition to its 
important application to marine propulsion and 
electric generation, it is used exclusively for sub- 
marines, has been employed upon airships, and is 
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being tried out for aeroplanes; it promises to com- 
pete seriously with the petrol motor for heavy road 
vehicles and it has operated successfully certain kinds 
of railway traction service. 

The magnitude of the range of size and utility of 
the diesel engine may be conveyed by the fact that 
an engine of 22,500 brake horsepower was coi- 
structed in 1932 for electric generation purposes. 
What the future of the heavy oil engine may be it is 
difficult to forecast. It is significant to note that in 
the field of marine propulsion, since 1927 the total 
new tonnage of the world employing diesel engines 
exceeds substantially the corresponding new tonnage 
driven by steam. 


WATER POWER 


Probably the oldest known form of prime mover 
is that using the energy of moving water. It is 
possible that the wonderful prime movers developed 
during this Century that are dependent for their 
motive power upon coal and oil may, with the 
exhaustion of the latter, be survived by the water 
turbine. Before and throughout the Century under 
review, water wheels were in common use for local 
power requirements. Some of these wheels were of 
a prodigious size, notably the Laxey water wheel of 
the Isle-of-Man, 721/, ft in diameter and 10 ft wide, 
delivering about 150 hp. 

Early water turbine development owes much to 
Fourneyron and Jonval in France, but the subsequent 
development, notably by Boyden and Francis, and 
the modern developments of the last 30 years oc- 
curred largely in the United States. The demand 
for large prime movers for electric power generation 
at low cost gave great impetus to this development. 
In the first Niagara Falls Power Company the water 
turbines comprised two units on the same shaft 
giving 5,000 hp at 250 rpm under a head of 1385 ft. 
In the last third of a century water turbines have 
been increased in size to 90,000 hp (in the Dniepros- 
troi plant) and units of 100,000 hp are projected. 

Reverting to the possibilities that water turbines 
may be the ultimate prime mover of the future, it 
is interesting to note from the latest surveys of 
potential water power in the world that 43 per cent 
is centered in Africa, notably in the Congo area. 
Hence, with the development of longer distance 
transmission and the husbanding and rationing of 
the world’s power resources, the at present most 
undeveloped part of the world may become of the 
greatest importance to mankind in the future. 


ELECTRIC GENERATORS 


Electric generation had its beginnings in the work 
of such pioneers as Oersted who discovered the 
effect of a wire carrying electric current on a pivoted 
compass needle, Arago and Davy who magnetized 
ferrous bodies with an electric coil, Sturgeon who 
invented the electromagnet, and Faraday and Henry 
who discovered the laws relating to magnetic induc- 
tion. This work preceded the Century under review. 

The first practical direct current generator took 
the form of a cylindrical iron armature whose surface 
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was over-wound longitudinally with insulated wire 
connected to a commutator, the whole being rotated 
on a shaft between the poles of a permanent magnet. 
The earlier developments in design were largely of a 
guesswork character; it was not until about 1886 
that Hopkinson showed how to design dynamo elec- 
tric machines on a scientific basis. In the mean- 
time these machines were reaching a commercial 
stage. In 1881 Edison exhibited a bipolar dc 
generator at the Paris Exhibition and in 1882 he 
installed a 100-hp “Jumbo” machine in the Pearl 
Street station, New York. Machines of that day 
had to be tried out after they were built to see at 
what speed they should be run to give the right 
voltage and tested for the number of lamps they 
would light without overheating. The development 
of the steam turbine led to suitable modifications of 
the design of generator to take advantage of the high 
speeds then available. 

The use of alternating current for other than local 
electric lighting purposes was not visualized until the 
serious development of the transformer took place. 
In 1882 Gaulard and Gibbs developed a power 
transformer, which invention was exploited by 
Westinghouse, who was quick to perceive the possi- 
bilities of the transformer in connection with long 
distance transmission. 

At that time alternators had been developed to 
supply single-phase current, and the next develop- 
ment was the 2- and 3-phase systems of supply. 
The discovery by Tesla and Dobrovolsky of the 
rotating field effect producible by polyphase cur- 
rents led to the development of the induction motor, 
and was an important step forward in the use of the 
alternating current system of power supply. Apart 
from the developments in the United States, the 
Ganz Co. of Austria, the Brown Boveri Co. in 
Switzerland, and Ferranti in England were engaged 
on alternating current developments. In 1891, the 
Frankfort Exhibition was lighted with 100 hp sup- 
plied from 3-phase generators installed at the Laufen 
Falls 110 miles away, the transmission being at a 
voltage of 8,000. The Columbia Exhibition at 
Chicago in 1893 was lit from alternating current 
two-phase machines. In 1900 Ferranti installed 
10,000 volts single-phase power transmission between 
Deptford and London. 

Generating voltages which, in the case of the origi- 
nal Niagara machines was 5,000 have reached a 
general level of from 10,000 to 15,000. Behrend’s 
proposal of a quarter century ago for much higher 
generator voltage is coming into vogue; there are 
now several 33,000-volt generators. The use of 
suitable automatic voltage regulators has led to 
improvement in weight efficiency of the generators 
and their performance in respect to their effect on 
the stability of large interconnected networks. 
Improvements in reliability have’ been assisted con- 
siderably by increased knowledge of insulating mate- 
rials, and weight efficiency has been improved as a 
result of advance in magnetic materials, thus em- 
phasizing the importance of the contemporary de- 
velopment of applied science in another industry. 
Turbo-alternators of 200,000 kw have been con- 
structed in single units. 
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POWER TRANSMISSION AND DISTRIBUTION 


The enormous demand for electric power has led 
to an investigation of all economical sources of 
energy, and the striking of an economic balance 
between the comparative cost of conveying fuel to 
a generating source place near the center of demand 
as against the transmission of electrical energy over 
a distance from points where coal or water power is 
readily available. The modern trend has been 
toward longer transmission distances and corre- 
spondingly higher voltages, and there are now in 
operation numerous transmission systems of 220 kv 
and some projected for 380 kv. 

A possible rival to the transmission of electrical 
power by alternating current systems was that 
introduced by Thury a third of a century ago, in 
which he employed a number of direct current 
generators in series and obtained a high transmitting 
voltage. The possibilities of de transmission at high 
voltages have been revived in recent years for very 
long transmissions (500 miles and upwards) and much 
research is being conducted on this problem in 
different parts of the world. 

Transformers have undergone enormous changes 
during the Century. The early Gaulard and Gibbs 
transformers of 5 kw were considered of mammoth 
size. In 1900, a 2,000-kw unit was the largest in 
the world. Today units of 100,000 kw have been 
constructed, and there is no manufacturing limit to 
the output for which a single unit could be produced. 


‘In the materials employed revolutionary changes 


also have taken place. Transformers of a half 
century ago had magnetic cores of laminae of soft 
Sewdish charcoal iron. This gave place to soft sheet 
steel which possessed the unfortunate characteristic 
of rapid increase in magnetic losses with age. About 
1908 Hadfield introduced silicon sheet steel which 
greatly reduced the magnetic losses and led to 
revolutionary improvement in the weight efficiency 
of transformers. Considerable improvement has 
taken place likewise in the design and manufacture 
of the insulating materials used, particularly the 
terminal bushings. 

No branch of heavy electrical engineering has 
progressed so rapidly in recent years as have switch- 
gear and the associated protective systems. In the 
very early days of small powers and low voltages, 
switches and fuses of a very rudimentary character 
mounted on wooden panels were considered adequate. 
A great advance, especially for high voltages, was the 
idea of breaking the circuit under oil instead of in air. 
The idea of obtaining a still higher degree of safety 
with large powers by completely enclosing all switch- 
gear apparatus in a substantial metal casing filled 
with insulating compound has progressed rapidly 
during the last few years. In recent years, rapid 
progress has been made in advancing from the simple 
switch which functions by the mere separation of 
contacts. Important examples of new ideas intro- 
duced are the deion, the oil blast, and the air blast 
breakers. There is little doubt that further con- 
siderable advances will be made in the near future. 
The size and complexity of modern interconnected 
systems and the importance of stability in operation 
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have necessitated the provision of elaborate protec- 
tive relay systems capable of a high degree of dis- 
crimination between faults of different types. 


USES OF POWER 


A rough indication of the advancement during the 
Century in the use of power for transportation is the 
time taken for a person to cross the Atlantic. Ex- 
actly 100 years ago the first steam driven ship to 
make the trip, the ‘Royal William,”’ crossed from 
west to east in 25 days. Modern ships make the 
crossing in about 100 hours; Miss Earhart crossed 
by airin 31 hr30 min. Although vast improvements 
in convenience of passenger transport have been 
provided by modern railway development, the 
greatest ultimate benefit to the community has 
accrued from the industrial benefits that have arisen 
from the speeding up, increased turnover, and the 
consequent expansion of commerce. These benefits 
have been experienced in varying degrees in every 
country. In road transport the horse-drawn vehicles 
of 100 years ago have given way entirely to the 
automobile which began to appear about forty years 
ago. 

A most significant application of power is in 
mining. Contrasted with 100 years ago when all 
excavations were done by manual labor, when the 
trucks from the coal face to the shaft were hauled 
by women or children, the use of mechanical or 
electrical means of winding and hauling is an enor- 
mous advancement. Today the use of electricity in 
mines has become general for coal cutting, conveying, 
hauling, and winding to the surface, as well as pump- 
ing, ventilation, and illumination. 

Next to transport, communication has been the 
most important factor in the development of com- 
mercial and social life, and its history presents one 
of the romances of the Century. In earlier times 
communication could be carried on only by messenger 
or between fixed points by semaphore or heliograph. 
The advance in communication has been essentially 
by electrical means. As early as 1746 Watson trans- 
mitted electric signals through 10,000 ft of wire using 
an earth return. In 1833 Morse developed a means 
of recording signals on a paper tape by the operation 
of an electromagnetically operated pencil, and in 1838 
introduced the Morse Code system of signaling by 
a single needle which could be read by eye or ear. 

The next development of importance was the inven- 
tion of the telephone by Bell in 1876. As a receiver 
his principle is still in use, but various other forms 
of transmitter have been developed since, notably 
Edison’s carbon transmitter. The work of Bell 
opened up a new field of communication which was 
developed very rapidly in the States and eventually 
all over the world. Notable improvements have 
been made in the quality of transmission due to the 
introduction of inductive loading of the lines based 
on the mathematical researches of Heaviside and 
first put into practical operation by Pupin. © 

The development of wireless communication based 
on Maxwell’s mathematical researches developed 
experimentally by Hertz, Helmholtz, Righi, and 
Marconi led to the practical transmission of wireless 
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signals, over short distances. In 1901 Marconi suc- 
ceeded in transmitting across the Atlantic in Morse 
Code the letter ‘‘S,’”’ and from that time onward 
wireless telegraphy was developed rapidly. The 
whole trend of wireless communication changed with 
the practical development of the Edison effect in 
the production of the thermionic valve which gave a 
means of generating current at any frequency and 
constant amplitude, and a means of amplifying signal 
voltages however faint. Through these means, wire- 
less telephony—the first successful experiments in 
which, employing the Poulsen arc, had been made in 
1908—came into general use and was developed 
rapidly. 

A further phase of communication is that relating 
to the transmission of pictures both by wire and wire- 
less methods. These now have reached a stage of 
considerable development as will be appreciated from 
the examples seen in the daily press. Arising out of 
wireless developments has come the modern amenity, 
broadcasting. This took practical form in the 
United States in 1921 and its remarkable develop- 
ment throughout the world is one of the romances 
of the Century. The future holds the possibilities 
of television which has already, under special condi- 
tions, been brought to a fair degree of perfection, but 
in as far as general application is concerned, is still 
in an incomplete state of development. 

The advances that have been achieved within the 
Century in communication while associated with out- 
standing names such as Morse, Wheatstone, Hughes, 
Bell, Edison, Kelvin, Marconi, De Forrest, Poulsen 
and others, have been supplemented by a vast army 
of brilliant scientific and technical workers whose 
labors have made the amenities of modern com- 
munication possible in so short a space of time. 

One of the greatest amenities developed during the 
Century has been illumination, revolutionized by the 
development of the carbon filament lamp by Edison 
and Swan. A landmark in electric lighting by this 
new illuminant was seen at the World’s Fair at 
Chicago in 1893. A great step forward in the 
efficiency of electric lamps was made possible by the 
discovery by Dr. Coolidge of the method of producing 
ductile tungsten, leading to improvements on the 
early drawn-wire filament lamps. The further ad- 
vance, due to Dr. Langmuir, of the use of an inert 
gas and the close coiled filament increased the fila- 
ment life by reducing the rate of its evaporation. In 
parallel with these developments has been the work 
of Claude and others on high voltage low discharge 
tubes employing neon and other gases for color 
effects. 

It has long been appreciated that a source of illu- 
mination depending on the incandescence of a solid 
body must be an inefficient means of converting elec- 
trical energy into visible radiation, and increasing 
attention is being directed to glow discharge depend- 
ing on the radiation from the atom. In this field, 
work has been done by many researchers, employing 
cold cathodes and high voltages, but more success 
has been attained by the introduction of hot cathodes 
and employing a mixture of metallic vapor and a 
permanent gas. Under laboratory conditions an 
efficiency with this form of illuminant of 360 lumens 
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per watt has been obtained as compared with 3.5 
lumens per watt with a carbon filament lamp or 12.9 
with a tungsten gas filled 100-watt lamp. In spite 
of very high efficiency, vapor lamps suffer from the 
drawback that they do not give a continuous spec- 
trum which, however, is a defect that time may over- 
come. In street lighting and in many other applica- 
tions, these limitations are not vital and are out- 
weighed by increased efficiency. 

In the direction of the preservation of food it is no 
exaggeration to say that no scientific advance since 
the advent of railways and steamboats has so greatly 
altered the economic life of Europe and America as 
has refrigeration and canning, without which it 
would be impossible to maintain an adequate food 
supply especially to the large concentrations of in- 
dustrial populations in the towns and cities. 

The outstanding use of electrical power in thera- 
peutics has been that associated with the develop- 
ment of X-ray tubes. It is still too early to deter- 
mine how far-reaching this application of electricity 
will be, but it offers great possibilities in the treat- 
ment of cancer. The use of electrical energy at high 
frequencies for diathermy treatment is now well 
known and has considerable application. 


Reviewing the use of power through the Century 
and bearing in mind that in 1833 the total amount 
of power in the world available for use was probably 
less than that represented by a single one of the 
largest units in a modern power plant, it is estimated 
that today the horsepower generated is of the order 
of 100 million kilowatts, and the total investment 
in electrical power supply alone throughout the world 
is of the order of 2,000 million dollars. A conserva- 
tive estimate of the number of horsepower installed 
in nine countries for which there are reliable statistics 
is 148 million horsepower, and this represents only a 
fraction of what might be usefully employed through- 
out the world. 


CONTEMPORARY DEVELOPMENTS IN 
OTHER INDUSTRIES 


Prior to 1833 the constructional metals employed 
in supplying the rapidly expanding demands of 
engineering developments were cast iron, wrought 
iron and steel made by the crucible process intro- 
duced by Huntsman in 1746. The most important 
metallurgical invention in the early part of the 
Century was the Bessemer process in 1856; the next 
great advance was the introduction in 1865-70 of 
the Siemens’ acid open hearth process in England 
and the Martin Brothers similar process in France. 
In 1880 the development of the basic lined converter 
by Thomas and Gilchrist enabled the use of high 
phosphoric pig iron and gave a tremendous impetus 
to ferrous metallurgy in Germany. Since 1880 steel 
making processes have not materially altered. 

The development and heat treatment of alloy 
steels is the most important phase of modern steel- 
making and has had far reaching consequences. The 
availability of such alloys has facilitated the eco- 
nomic production of modern motor cars, aero engines, 
and electric generators. 
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While the melting of metals by electric means 
occurred to Joule as early as 1855, electric furnaces, 
even on a small scale, did not come into use until 
about 1879. The period since has seen the develop- 
ment of the arc, the resistance, the induction, and in 
recent years, the high frequency coreless induction 
furnace. Each has contributed to the development 
of metallurgy. In particular the high frequency fur- 
nace enables steel alloys to be produced economically 
and with a high degree of purity. 

Progress in non-ferrous metallurgy has been in the 
direction of greater purity, and of alloying, in some 
cases with iron; the development and metallurgical 
treatment of the rare metals; and the commercial 
production and exploitation of metals of low specific 
gravity and their alloys. An outstanding develop- 
ment of new material is that of aluminium. 

The Century’s progress in chemical developments 
has been marked by the growth of the synthetic 
organic chemical industry which depended for its 
development on the supply of coal tar, which fol- 
lowed from Murdock’s discovery and the commercial 
exploitation between 1792-1813 of the production of 
illuminating gas from the distillation of coal. The 
heavy chemical industries received impetus from the 
cheap production of sodium carbonate by the Leblanc 
process, thereby giving great benefit to the soap, 
textile, and glass industries. It is remarkable how 
much the world owes today to synthetic chemistry 
which provides dyes, drugs, oils, perfumes, explo- 
sives, fabrics, resins, and other products, as well as 
having an enormous influence on the food, textile, 
mining, and other industries. 


RESEARCH 


At the commencement of the century there were 
many notable men of science conducting research in 
various fields, the results of which were to find 
application in different industries. Most industries 
were in an embryo stage of development and their 
progress depended on the growing experience of the 
workers engaged in them, enhanced by the inspira- 
tion of men of genius and of inventors who from time 
to time contributed to progress. About 30 years 
ago progressive firms began to undertake the solu- 
tion of their every-day problems on more scientific 
lines and gradually this service developed into an 
organized effort to advance the knowledge of the 
art and thereby advance progress. This was the 
beginning of what we now understand as industrial 
research. 

A further step has been the coérdination of these 
private research activities with those of the univer- 
sity or state associations to bring about in the 
different countries national research organizations. 
In America, the National Research Council functions 
in this manner; in Germany, the Kaiser Wilhelm 
Institute; in Great Britain, the government’s De- 
partment of Scientific & Industrial Research; in 
Japan, the National Institute of Physical & Chemical 
Research and others; in the U.S.S.R. research of a 
fundamental character and that of the main indus- 
tries is codrdinated through a state department. 

While there are names of international reputation 
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identified with research, one must not overlook the 
fact that in every country there are today scattered 


_ in the laboratories of universities, in national labora- 


tories, in private commercial laboratories, and in 
research laboratories of industrial concerns, thou- 
sands of research workers, highly trained in their 
own field of activity, to whom much of the modern 
rate of progress in industry is due. 
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Reviewing the past 100 years of development in 
industry and engineering, certain considerations are 
outstanding. First, engineering is the basis on 
which the magnitude and rate of progress depends. 
Through the growth and application of scientific 
knowledge it has made the world a small place; it has 
increased speed of travel by road, rail, air, and water; 
through speed of communication, it has eliminated 
time and distance; it has enabled the earth’s re- 
sources to be made universally available; it has been 
the means of providing for the growth and main- 
tenance of populations with increasing standards of 
living. In other directions, medical science and its 
universal availability has made enormous strides, 
not only in the cure of disease but in disease pre- 
vention and in improved hygienic standards. Simi- 
larly there has been an extension of the availability 
of all grades and phases of education. 
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A HIGH-CURRENT mercury arc 
rectifier in single-unit form is one of the recent de- 
velopments in conversion apparatus. A reliable 
unit with a nominal rating of 3,000 kw at 625 volts 
and having overload ratings up to 300 per cent full- 
load current has been made available for commercial 
applications. Some of these units are now in opera- 
tion on the new Eighth Avenue subway in New York 
City. Others are installed on railway systems and in 
electrolytic plants. This size and type of unit first 
was developed to fill traction system requirements for 
a compact and reliable power unit having high over- 
Essentially full text of ““A Recent Development in High-Current Mercury Arc 


Rectifiers” (No. 33-13) presented at the A.I.E.E. winter convention, New York, 
N. Y., Jan. 23-27, 1933. 
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The wealthiest of the community 100 years ago 
had only a fraction of the amenities so widely en- 
joyed today. Hours and arduousness of labor have 
steadily diminished and provided the leisure for 
cultural pursuits, physical recreation, and amuse- 
ments. 

It is sometimes said that human nature cannot 
control the machines that science and invention have 
produced, and that this is largely responsible for the 
present state of world derangement. It is true that 
due to the creative impulse of war, facilities for pro- 
duction attained a century’s advance within a few 
years and that exchange and distribution did not 
keep pace with this abnormal growth, but surely this 
is a problem of organization only, and should not be 
beyond human intelligence to solve. Moreover, 
there are certain features in the trend of affairs that 
should be cause for confidence. The early part of 
the Century, in fact the greater part of it, saw a 
rapid development of wealth and its acquisition by 
comparatively few people; the material progress 
of the community seemed to matter most. Today, 
there is a tendency, which the economic stress has 
served to emphasize, to regard industry as a service 
as a means to an end; the end being the greater 
development of intellectual life and higher ethical 
standards. It is surely the responsibility of us, who 
are engineers, scientists, and industrialists, to foster 
this spirit. 


Research on mercury arc rectifiers indicates 
that up to a certain temperature the arc 
drop is reduced as the temperature is raised, 
and that the efficiency is increased accord- 
ingly. These facts have been applied to 
the design of single-unit 3,000-kw 625- 
volt rectifiers, some of which are now in 
use on the Eighth Avenue subway in New 
York City. The provision of control grids 
makes the rectifier applicable to a wide va- 
riety of uses. 


load capacity. However, it is expected to find a 
wide variety of industrial applications because of its 
high overall load efficiency, quietness of operation, 
adaptability to grid control, and other desirable 
characteristics. 

Many of the advantages of mercury arc rectifiers 
have been realized in their application to the power 
system of the New York City Board of Transporta- 
tion subways. Their use has made possible the loca- 
tion of the substations underground and adjacent to 
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Fig. 1. Front view of 3,000-kw 625-volt single-unit 
mercury arc rectifier 


the subway tracks. A considerable saving was ef- 
fected by this arrangement as the substations could 
be located under city streets thus obviating the pur- 


chase of valuable property for substation sites. 


These substations consist of a single room built of re- 
enforced concrete and containing the transformers, 
switchgear and all other equipment required in con- 
nection with the operation and control of the rectifier. 
A simpler, more compact, and less expensive substa- 
tion construction is obtained by the use of rectifiers 
instead of synchronous converters. Heavy founda- 
tions are not necessary as the rectifier has no rotating 
parts and is comparatively light in weight. Also since 
water can be used for cooling, no expensive duct sys- 
tem and ventilating equipment are required. Fur- 
thermore, with rectifiers the fire hazard is reduced, 
and the noise problem eliminated. Altogether, the 
rectifier forms an ideal conversion unit for under- 
ground installation. © 

Design of the high-current rectifier is based upon 
principles evolved by intensive investigation and re- 
search. Some of these principles have been outlined 
in a paper “Mercury Arc Rectifier Research’ by 
A. W. Hull and H. D. Brown (A.I.E.E. Trans., v. 50, 
1931, p. 744-56). Further tests have been made to 
determine the limiting values of the various factors 
involved in a design for heavy currents. Data from 
these tests together with data obtained from the 
various sizes of rectifiers operating successfully in the 
field were used in arriving at the new design. 

The form of the 3,000-kw tank is similar to that of 
previous rectifiers except for changes required by the 
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Fig. 2. Cross-sectional view of 3,000-kw 625-volt 


rectifier 

1. Vacuum chamber 13. Gas receiver tank 

2. Excitation anode seal 14. Rotary vacuum pump 

3. Overflow graphite nip- 15. Vacuum gage 

ple 16. Trash rack 

4. Excitation anode tip 17. Main anode shield 

5. Mercury drain strut 18. Main anode tip 

6. Tank water jacket 19. Mercury condensation pump 

7. Tie ring heater 

8. Cathode 90. Main anode terminal 

9. Cathode outer shield 91. Ignition anode rod 
10. Cathode inner shield 99. Mercury condensation pump 
11. Cathode stud 93. Mercury trap 
12. Cathode insulator 94. Accordion vacuum valve 


25. Ignition anode coil 


greatly increased rating. The rating of a rectifier 
may be increased by raising its operating voltage 
without changing greatly its overall dimensions. 

The design of a high-voltage rectifier is mostly a mat- 

ter of general placement, spacing, and insulation of the 
various parts. Increasing the current rating, how- 

ever, involves the enlargement of the tank and its 
parts. The size of a rectifier is determined chiefly by 
its current rating, the losses in a mercury arc being 
almost directly proportional to the load current. 

This means that for increased current capacity the 
condensing area must be greater and the current car- 
rying parts must be enlarged. In making these 
changes care must be taken to provide an arc path of 
the proper dimensions between anode and cathode. 

If the arc stream is greatly lengthened or the arc area 
is made too small the arc loss will be increased and 
part of the advantage of the larger unit will be lost. 

A cross-sectional view showing the arrangement 
of internal parts in the rectifier supplied for the New 
York City Board of Transportation may be seen in 
Fig. 2. The vacuum chamber, consisting of the 
lower tank and the dome, constitutes the greater part 
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of the vapor pressure at all loads. 


of the effective condensing area. The water coils in 
the lower section and in the dome form about !/s of 
the total effective condensing area. Ample cooling 
area has been provided to maintain effective control 
Cooling coils 
afford a very inexpensive way of increasing the cool- 
ing area and the overload capacity of the rectifier. 
A rectifier vacuum chamber having the same con- 
densing area without cooling coils would be much 
larger in size and would have greater spacing between 


electrodes. 


Current carrying capacity of a given rectifier is 
determined among other things by the mercury vapor 
pressure (or, practically speaking, the operating tem- 
perature) and the cross-sectional area of the anode 
arms. By furnishing proper baffling surfaces and 
dividing the arc into small streams, reliable operation 
can be obtained at higher temperatures. When the 
rectifier is so baffled, the maximum current that can 
be carried increases uniformly with increase in tem- 
perature, within a certain temperature range, and is 
directly proportional to the cross-sectional area of the 
anode arms. ‘The cross-sectional area of the anode 
arms is fixed largely by the maximum desired over- 
load rating of the rectifier. Sufficient arc section 
must be provided to carry the peak anode currents 
without excessive arc drop. 

As the temperature is increased, up to a certain 


Fig. 3. Variation in arc 
voltage with operating tem- 
- perature in a rectifier carrying 
normal load 
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value, the arc drop is lowered. In this rectifier full 
advantage has been taken of this factor, as can be 
seen from the curve shown in Fig. 3. This curve was 
obtained by taking arc drop readings on a rectifier 
as its operating temperature gradually was raised, 
the current being maintained constant at normal load 
value. This test shows that the rectifier operates 
at maximum efficiency between 70 and 80 deg C, 
and indicates that at this temperature it should carry 
its largest overloads. A high operating temperature 
is desirable from another standpoint, that of cooling 
efficiency. A reduction in cooling water consump- 
tion to from'!/; to !/, of that required by other de- 
signs has been made possible by the increased operat- 
ing temperature. 


CONTROL GRID PROVIDED 


A cross-sectional view of the anode assembly is 
shown in Fig.4. The anode tip, which is of graphite, 
is supported from the vacuum chamber by means of 
an insulating ‘“‘mycalex’”’ seal, It is surrounded by 
an insulated shield which supports the grid. The 
grid, which also is of graphite, is placed in front of the 
anode so that the are must pass through it to reach 
the anode; it consists of a flat disk perforated with 
small holes closely spaced in order to utilize a large 
portion of the total area for the passage of the arc. 
An insulated lead is brought out from the grid 
through a small ‘‘mycalex’’ seal so that a separate 
potential may be applied to the grid. Below the 
anode and grid is a subdividing baffle, which consists 
of several concentric steel rings supported from arms 
welded to the walls of the anode housing. 

An improvement in high-current rectifiers has been 
obtained by the addition of a trash rack. This is in- 
stalled in the vacuum chamber just above the 
cathode so that the condensed mercury must pass 
through it when returning to the cathode. It serves 
2 purposes: First, it collects all dirt and foreign 
matter floating on the returning mercury, thereby 
gradually cleaning the vacuum chamber and prevent- 
ing contamination of the mercury in the cathode; 
second, by means of small holes or weirs it distributes 
the returning mercury so that it will not flow in one 
large stream which might produce a short circuit 
between the vacuum tank and the cathode. The 
importance of the second factor will be seen when the 
amount of mercury circulated in the tank is consid- 
ered. At 300 per cent load the rate of vaporization 
of mercury from the cathode is approximately 14 lb 
per minute. In addition to the trash rack a system of 
troughs and pipes is provided to catch the mercury 
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condensed in the dome and return it to the cathode, 
thus lessening the possibility of splashing. 

The rectifier is designed for a-c ignition and excita- 
tion. A single plunging anode is used for ignition, 
and 38 small graphite anodes for the excitation arc. 
The insulated grids are excited with a d-c bias in or- 
der to supplement the holding anode excitation and 
aid pick-up. The exhaust system consists of 2 mer- 
cury condensation pumps operating in parallel and 
connected to one rotary oil roughing pump. Ex- 
haust is from the dome where the foreign gas tends to 
collect under the combined action of the arc and con- 
densing mercury. Vacuum is measured by a Mc- 
Leod gage in one exhaust line and a hot wire manome- 
ter gage in the other. 


RECIRCULATING COOLING SYSTEM 


Several novel features are incorporated in the 
cooling system used on the New York City Board of 
Transportation rectifiers (see Fig. 5). It is a re- 
circulating system with a water-to-water heat ex- 
changer. The rectifier cooling water is circulated 
continuously by a centrifugal pump. The heat im- 
parted to the cooling water while flowing through 
the rectifier is carried away by the tap water flowing 
through the heat exchanger. The high operating 
temperature of the rectifier has made it possible to 
connect the transformer and rectifier tap water sys- 
tems in series, the water flowing through the trans- 
former cooling coils first, then into the heat exchanger 
and finally discharging into the drain. A further 
saving in cooling water is obtained by this arrange- 
ment. The flow of water is regulated by 2 tempera- 
ture controlled valves, one of which is actuated by the 
rectifier temperature, the other by the transformer 
temperature. The valve controlling the flow of 
water through the heat exchanger is actuated by a 
bleeder circuit connected to the rectifier at the point 
of most rapid temperature fluctuation. Accurate 
control of temperature at all loads is secured by this 
system. At light load no cooling water is required 
by the rectifier so its valve closes. The valve actu- 
ated from the transformer then opens a bypass into 
the drain permitting water to flow through the trans- 
former alone. 

The use of a heat exchanger with a recirculating 
system permits the discharge into the drain to be lo- 
cated at a higher level without applying pressure to 
the rectifier. This is desirable where the rectifier is 
installed in an underground substation. By means 
of the circulating pump a large flow of water can be 
obtained at all loads, providing efficient cooling and 
assuring uniform temperature. The closed system 
permits ready treatment of the cooling water for 
prevention of corrosion. 

The 3,000-kw units installed on the New York City 
Board of Transportation system are arranged to 
operate as simple rectifiers with 5 per cent shunt 
regulation. Each rectifier is connected to a 12-phase 
zig-zag-connected power transformer with an inter- 
phase transformer. Straight rectification is only one 
of the many possible applications of this high-current 
unit. By proper excitation of the control grids 
which have a control ratio of power controlled to con- 


674 


trol power of almost 100,000 to 1, the unit can be 
used for such applications as: voltage regulated d-c 
power output, high-speed circuit breaker, inverter, 
and static frequency changer. 

Operation of rectifiers of this size to date has 
demonstrated their reliability and the soundness of 
their design. Experience for several years with the 
construction and operation of both single and mul- 
tiple units indicates that the single unit possesses 
some advantages. With the single unit the number 
of auxiliaries can be reduced to a minimum. This 
is highly desirable as the auxiliaries play a large part 
in determining the overall reliability and mainte- 
nance on a rectifier installation. The construction of 
a successful single-unit rectifier has been made pos- 
sible only by the development of a vacuum tank 
having component parts possessing a high degree of 
reliability. Such reliability is now obtainable by the 
use of sturdy insulating seals, improved welding, 
indestructible graphite parts, proper placement of 
parts, and latest manufacturing technique. These 
factors have contributed largely to the success of the 
high-current single-unit rectifier. 


Incremental Loading 
of Generating Stations 


Transmission line losses are taken into ac- 
count in the method of determining loading 
of generating stations for maximum overall 
economy as outlined in this article. The 
material, although not entirely new, is pre- 
sented so as to be useful to power system 
operators. 
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eens e division of load be- 
tween 2 or more generating stations, when the trans- 
mission line losses are negligible, becomes merely a 
problem of operating the stations at loads which 
correspond to the same incremental rate. By incre- 
mental rate of a station is meant the slope of the 
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curve, the ordinates, and abscissas of which are, re- 
spectively, the heat input and the output of the sta- 
tion; if the heat input is expressed in British thermal 
units per hour and the output is expressed in kilo- 
watts, the incremental rate will be expressed in 
British thermal units per hour per kilowatt. An 
incremental rate curve may be obtained for any 
station from an overall efficiency curve of the station 
by plotting the slope of the efficiency curve expressed 
in British thermal units per hour for various values 
of kilowatt load. 

When the line losses are appreciable, the load di- 
vision procedure must be modified to take them into 
account. The principles involved can be understood 
more readily by considering the simplest case, that of 
2 interconnected generating stations. 


Two GENERATING STATIONS 


In order that it be economical to transfer a given 
load from one station to another, the following rela- 
tion must prevail: 


Rs = Rr X Eir (1) 
where 

Rg = incremental rate of the sending station corresponding to the 
load Gg generated by the sending station 


Rr = incremental rate of the receiving station corresponding to the 
load Gr generated by the receiving station 


E;r = incremental efficiency of the transmission line corresponding 
to the given load transferred 


The incremental efficiency must not be confused 
with the absolute efficiency of the line. The latter is 
merely the ratio of the load at the receiving end to the 
load at the sending end. The incremental efficiency 
is the slope of the curve whose ordinates and abscissas 
are, respectively, the load 7, at receiving end of the 
line, and the load 7, at the sending end of the line. 


Table I—Sample Calculation Showing Method of Adjusting 
Incremental Heat Rates of Station A for Tie Line Loads 


Actual Adjusted 

Tie Demand in Net Station Tie Line Station 
Line Area Served Load Incremental Incremental Incremental 
Load by Station Generated Rate Efficiency Rate 
(Ta) (Pa) (64) Biu/ar/sKw (FIT) Bea /Hr/Kw 
tt OO}srajsiele) = 400 eaiercton SOO ss.e cue 1G;000 mse Oe SOO sx erere 2 20,000 

EM SOM erates LOO ieelacats ASO carers UES 230 rae Or et On tees 18,130 
GO). aeletels S00 ear AGO acaierie 14,7102.) .0. 880A... 163720 

To AO cayrere « 400...... BAO. ter 14,280 OUD Sexaion 15,520 

mae OO) fai ctere. 400 ADO tarsi ters 13,880 EOL IOO Ns acters 14,460 

Osorarer 4008 caine AOO Ferenc cre 13,500 wad O00: aicleate 13,500 

— 20 400 OSU cuereicrete TSA 5O persia OB95S sere 12,600 

= 405 fhe BOO aera RiMeadda 12,830 Bre O291'G seers dcrere 11,750 
SOO rarctarais ADO) cist GAO wars eas 12,580 eee es OS cterered 0,910 
SO eyete chee AQ0 Weresrere S20 warren IPA OAD eo oro ater Uno GIne c 10,120 

=— OO re etaree AOQO Rare o LO ay seca LOO sy cre cere ORSOO Tecra 9,730 


1 
When T4 is +, tie line feeds out. R’A = RA X cin, 


When T 4 is —, tie line feeds in. R’4 = Ra X Er. 


All loads in megawatts. 


In computing the incremental line efficiency it is 
necessary to consider only the losses due to the load 
component of the line current, disregarding the line 
charging component. 
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Corresponding to eq 1, a second equation may be 
written as follows: 
1 


jp 
* Sy he oe 


(2) 


Analysis of eqs 1 and 2 indicates that when 2 
stations are interconnected, the incremental rates of 
either one must be multiplied by a factor to com- 
pensate for the line losses. If the station whose 


Table il—Sample Calculation Showing Derivation of 
Combined Incremental Heat Rates for Stations A and B 
Demand 
Net Loads’ in Area 
Generated Served 
———_————_ by Tie Tie 
Incremental Station Station Station Line Line Total Load Total 


Heat Rate* A 


B Load Losses Generated Demand 
Btu/Hr/Kw (G4) (Gg) 


A 
(Pa) (Ta) (LA) (Ga+6B) (Pat DB) 


20,000 ep OOO Peers 00 oil) tol OO weraverd O AO seetetaets OO Urns -990.0 
19500-7.< ..< so on ae HS oo ome Hh oo Wars DOG teeriers 986.8 
LOS OOO Fareretetet: co ti Onoactb ooo GOs coo Coiles GRIWE Sid.s.ci 981.9 
CHO ones oc ba he eMecomt ls nop. kis oo0 “Calls. BLLiiso6 006 958.9 
18,000 88 ES vo eeks on oP locos alles OL crctensle 934.9 
L7G SOO s «centre pone nba OU Boomer (Pach Wor OTA erator 908.8 
V7 S000 5 scoters Bone tS So aewlbcacap Wn Goo Liaiks « S83 seers 878.9 
16,500 sorts come Gana '¥focc0 Bests SOZnemeee 848.7 
16,000....... posh ol cota tio cocn Pate 4 SL Greener 813.7 
15,500 co COR agar Us nota 60s doc LACH < UUM Es os0 0 777.4 
15,000 55 dC oa A ADO pase BWsg50 WSs. (Bisooo od 738.2 
14,500....... ree ad (dfet tet OO ceeteteict oar O tetera Oe eens Ohne 6.0.0 696.6 
14,000... Bo 0d occ Wp ooogj MiRcoe Weil. 56.3 aod 651.9 
13,500 oo ceca ces on 6 Wie op RUE 4 CO eres 607.0 
EONS 50.0 on spotliWoe eXUs Sa boos Wile, HE co G0 557.9 
IPT UU bones Sol OAS crac s0s odie’ ?eaood Unitiac DOG eres 505.5 
12,0000 ee os no eifiape nooo ot eoos Mayen AOS eeets 451.8 
11,500 Be Boacestl bpd ote Chimes 4senono Citebonson 395.7 


* Adjusted values for station A (R’ 4). 
Actual values for station B (Rg). 
Da + Dg = Ga-+ GB -— La. 


Tie line feeding out, T4 is +. 
Tie line feeding in, T4 is —. 
All loads in megawatts. 


incremental rates are to be adjusted is receiving 
power, the correction is made by multiplying its 
rates by the incremental efficiency corresponding to 
the load on the line; if the station is transmitting 
power, its rates are divided by the incremental ef- 
ficiency. 

Although eqs 1 and 2 define the conditions that 
must prevail for economical transfer of power be- 
tween 2 generating stations, they do not by them- 
selves indicate the economical load division for a 
given demand. A direct solution of the problem is 
made possible by the computation and use of incre- 
mental rate curves which have been adjusted in 
accordance with eqs 1 and 2. To illustrate, con- 
sider 2 generating stations A and B with incremental 
heat rate curves shown in Fig. 1. The stations are 
interconnected by a transmission line, the losses and 
incremental efficiencies of which are shown in Figs. 
2 and 3, respectively. 

The actual incremental heat rates of station A 
as shown in Fig. 1 were adjusted for various values 
of load transferred between stations and for various 
loads in the area norinally supplied by station A, 
giving an equivalent rate in terms of the other station 
and making possible a graphical comparison of the 
2 station rates. The adjustments were made by 
using eqs 1 and 2; a sample calculation for one curve 
is shown in Table I, which is worked out for the case 
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19,000 a Da= LOAD IN AREA SERVED BY STATION A 
. Dg=LOAD IN AREA SERVED BY STATION B COMBINED STATION INCREMENTAL 
(7 D7=Dat Dp RATE CURVES |__| 
19,000 Ga= GENERATED BY STATION A 7 
18,000 Ga = GENERATED BY STATION B ae 
a Ta = TIE LINE LOAD AT STATION A 
Tp = TIE, LINE LOAD AT STATION B 
18,000 Ly = TIE LINE LOSSES 
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A ' 
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> F db SY S 4 
| ‘= 16,000, 7 & if % 
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= Z us ai Ry AG |S INE Ga=Dat 100 
x= ~ A 
= _, 15,000) T ; ie ) ow A 
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414,000 x | ! i 
7% : ra rs Ed rah [ 
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Actual station incremen- 
tal heat rate curves 


Fig. 1. 


Ga MEGAWATTS Gg OR Dr 


Fig. 4. Determination of station and tie line loading for maximum overall efficiency, 
assuming 2 generating stations. 


See Table III for examples shown 
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Fig. 3. Tie line incremental ef- 
ficiency 


of a demand of 400 megawatts in the area served by 
station A and for various tie line loads; this compu- 
tation appears as the curve marked D, = 400 on 
the left-hand side of Fig. 4. The other curves on the 
left-hand side of Fig. 4 were obtained in a similar 
manner. On the same diagram with the adjusted 
incremental rates for station A is plotted the actual in- 
cremental rate of Station B. Also, the combined 
incremental rate curves for various values of load in 
the area served by station A were computed and 
plotted against the combined load in both areas; 
allowance for tie line losses was made in these calcu- 
lations. The manner of computing the combined 
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Fig. 5. Curves to determine load division among 4 interconnected generating 
stations for maximum overall economy 


curve is shown by the sample calculation of Table II, 
which is worked out for the case of a demand of 400 
megawatts in the area served by station A, and for 
various incremental heat rates; this computation 
appears as curve D, = 400 on the right-hand side 
of Fig. 4. Similar computations were made for the 
other curves. The curve for 7, = 100 and T, = 
0, which appear on both sides of this diagram are 
obviously the difference between the generation of 
station A and the demand of the area served by that 
station. 

Curves similar to those in Fig. 4 may be drawn: 
for any 2 stations connected by a transmission line 
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and may be used to determine easily the station and 
tie line loading for maximum overall efficiency. 
Two examples worked out to illustrate the use of the 
curve are shown in this figure; the conditions upon 
which these examples are based are given in Table 
III. In example 1, the diagram is entered at point 
1. At point 2 the incremental rate is indicated, the 
value of which corresponds both to the adjusted 


value for station A and the actual value for station B. 


Table IlI—Data for Examples Shown on Fig. 4 


Example Example 
No. 1 No. 2 
DDI Sea Hits satetosolsiawisPeasiss eve = Pieisc BOO wes: Somers: serials ek pine e tohiak 500 
JW esse acetic aien Rea Swe ORO 300. 400 
DB 350. 100 
GB ian Walon icksea QOD eure ek ievte, sae 
A rer ceeke « ergata ee Saleh (OORate care wieysnaten Tice levinel ealeige EE: 
TMAlere chess keeles OOL-GOO} AOZa\isss. 88:5 «le cle [400-377] —23 
CB Niece ter ack [850-292] —58............. {124-100] +24 
Ls os cscs cae ves 3 [02-68] 4 hakinev enn  L24-23] 1 


Table IV—Example 3 Illustrating the Use of Curves of Fig. 5 


Demand in Step 1 Step 2 
Area : 
Served Net Tie Tie Net Tie Tie 
by Load Line Line Load Line Line 
Station Station Generated Load Losses Generated Load Losses 
(1) (2) (3) (4) (5) (6) (7) 
Nok odeaadtesto SbUhoe. MR ras Ooh soloblen Soricink 10 br ockcrs oy Comer acs 
ee eh oy OO Smee Raced ve Seas a Oak oP ee enn eee... 2OrE 
Correa AO este TODD cheseOncs icc 396....— 4.. 0 
De aves Basse ANON Oe Svs ub Valen Oe aii) SOL 1 OS aae Ose 
Rotals ears cas 15800. 5.5 1/800 «65. tree ec ys HBV8. 2445809 Ale sao OTO 
Column (1) The demands in the areas served are known. 


(2) The total demand is divided neglecting line losses. The station 
loads are obtained from points 1 to 4, inclusive, on line A-A. The 
position of line A-A is determined by cut and try method so that 
the sum of the station loads equals 1,300. 

(3) The tie line loads are approximate. Positive flow is toward the 
common point NV. 

(4) The line losses are obtained from Fig. 2, using only the solid curve 
since the values are approximate. , 

(5) The station loads are determined from points 5 to 8, inclusive, on 
line B-B, the position of which is determined by cut and try 
methods so that the sum of the station loads equals 1,309. 

(6) Revised tie line loads. 

(7) Tie line losses corresponding to revised tie line loads. 
loss curves of Fig. 2 are used. 

_All loads in megawatts. 


Both line 


The intersections of the curves of stations B and A 
at points 3 and 4, respectively, with this incremental 
rate value, determine the loads that should be 
generated by the respective stations. 

Similarly, for example 2, the diagram of Fig. 4 
is entered at point 5 and the respective station loads 
determined at points 7 and 8. 


THREE OR More GENERATING STATIONS 


When the interconnection consists of more than 
2 stations, an exact solution requires the computation 
of a very large number of curves involving a prohibi- 
tive amount of labor. An approximate method, 
however, may be used giving results in very close 
agreement with those obtained by an exact solution. 
Briefly the method involves 3 steps: 


1. Determination of the load division neglecting line losses. 
2. Approximation of the line losses. 
8. Redivision of the load increased by the approximate line losses. 


Application of this method to a hypothetical 
interconnection consisting of 4 stations is illustrated 
by the curves of Fig. 5, and their use by Tables IV 
and V. For the sake of simplicity, the stations 
were assumed to be of equal capacity, and inter- 
connected as shown in Fig. 5. The sections of tie 
line, between bus and the common point NV, were 
assumed to have identical performance characteris- 
tics. The performance data for the stations and tie 
lines used for illustrative purposes are shown in Figs. 
Be eee a bare 

In Table IV the final load division corresponds to 
a total demand of 1,299.7 megawatts compared 
with the actual demand of 1,300 megawatts; in 
Table V the demand corresponding to the load divi- 
sion is 1,299.3 megawatts compared with 1,300 
megawatts. In both cases, the differences are 
negligible for all practical purposes 

Analysis of the results shown in Tables IV and 
V clearly indicates that the use of this approximate 
method will give results that are well within the 
accuracy of the metering facilities and the accuracy 
with which the performance curves of the generating 
stations can be established. 


Table V—Example 4 Illustrating the Use of Curves of Fig. 5 


Step 1 Step 2 Step 3 
Demand in 

Station Area Served Net Load Tie Line Tie Line Net Load Tie Line Tie Line Net Load Tie Line Tie Line 

by Station Generated Load Losses Generated Load Losses Generated Load Losses 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

1 Nes OMe g na OR ein eae ete OO its. tira Atak nia dtd hg OO pv imuentis wok On aks gen Oe DEBS. oss cars,“ OOuank ee eee 

Bays SOO Mtr OUU ec pak. decrees QU ike aac catoons cadena ope eae CN eas oO Erin. peat Mei ack 4 NM avd ea Oe ase ee PL a eo ey 

Cres SOO ti te bw O44 satisoerer. 44. S28 neh chose Pe are a hate CONS ReAoaktns NOSSi se Me pees OR Ute ee ee! 

2 Oe DUO wc 2 ee OO0 Scan eh AO, ATOR cae 90) oem LOMO. ems thy MALO See ee ce DOs qe 10.0 

ST eNtes | Se ee eral ()() ere ree ea AR crtra a in in cuetnsio-s\sctapatersnaieau de neha oO Oere aiowesemasauln sets wd ia ag oT | Ourrraitiotnaia d SALSA eerste ane ame nel aretenG eam eNs 
Step 1. Procedure same as outlined in Table IV. Station loads determined from points 9 to 12, inclusive, on line C-C. Line losses not determined since overload is 


indicated on line from point WN to station D. 
Step 2. 
be supplied to the station. 
indicate the 3 station loads totalling to 890 megawatts. 


The minimum generation of station D to eliminate overloading the tie line is 500 — 90 = 410 megawatts, since 90 megawatts is the maximum load that can 
Neglecting line losses, stations A, B, and C must generate 1,300 — 410 = 890 megawatts. 
Tie line loads and losses obtained as in Table IV. 

Step 3. Procedure is the same as in step 2 of Table IV except that the load on station D is kept at 410 megawatts. 


Points 18, 14, and 15 on line D-D 


Total generation by stations A, B, and C 


1,318 — 410 = 908 megawatts and respective station loads are indicated by points 16, 17, and 18 on curve A-A, 


All loads in megawatts. 
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Impulse Tests on 


Distribution Transformers —. warowe 


Impulse voltage tests emphasize the de- 
sirability of proper coordination between 
the winding and bushing insulations of 
electric power distribution transformers. 
Surge proof’ transformers should have a 
reasonable factor of safety between insu- 
lation puncture voltage and minimum 
bushing flashover voltage. These are some 
of the principal conclusions drawn from an 
investigation conducted recently at the 
high voltage laboratory of Purdue Univer- 
sity. 


Sua a prospective purchaser 
of ‘“‘surge-proof’’ transformers be content to depend 
upon either external or internal protective devices, 
or shall he insist upon certain specified factors of 
safety for the bushing flashover and the insulation 
puncture voltages above the protective gap flashover 
voltage? In an attempt to answer these questions 
a series of impulse voltage tests have been made on 
distribution transformers at the high voltage labora- 
tory of Purdue University, Lafayette, Ind.; these 
tests were conducted with the codperation of the 
Utilities Research Commission of Chicago, Ill. 
This investigation was the outcome of previous 
tests of a standard 2,300-4,000 to 115/230-volt 
distribution system, upon which both induced and 
direct-stroke surge potentials were impressed. (See 
“Distribution System Lightning Protection; Inter- 
connection of Primary Arrester Ground and Second- 
ary Neutral II—Tests on a Typical Urban Circuit,”’ 
by C. F. Harding and C. 8S. Sprague, ELECTRICAL 
ENGINEERING, V. 51, Sept., 1932, p. 639-42.) 

During the previous tests it was found that, with 
usual city conditions, consisting of a multiplicity of 
low resistance ground on the secondary neutral, and 
the further possibility in some instances of a lightning 
arrester ground of high resistance, the interconnec- 
tion of the primary arrester ground and the grounded 
secondary neutral definitely limits transformer 
stresses to values which should reduce lightning 
failures to a practically negligible quantity, even on 
the older non-surge-proof types of transformers. 
During those tests it became evident, however, that 
certain changes in the design and construction of 
those transformers would cause them to be practi- 
cally surge-proof. Subsequently, transformers of 
various designs were tested in the high voltage 


Based upon “‘Impulse Voltage Testing’ (No. 33-51) presented at the A.I.E.E. 
winter convention, New York, N. Y., January 23-27, 1933. 
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Both of Purdue University, Lafayette, Ind. 


laboratory, as described in this article. These 
transformers withstood all of the exposures when 
provided with lightning arresters or equivalent 
internal protection; without such protection, how- 
ever, or in the event of failure of such protective 
devices to operate, the surge flashover of bushings 
and the insulation puncture voltages of the different 
transformers differed widely and hence provide un- 
determined factors of safety. Herein lies the line of 
demarcation at the present time between the various 
types of distribution transformers of the so-called 
surge-proof design and construction. 

Conclusions drawn from the results of the tests 
described here, are as follows: 


1. There should be a reasonable ratio between coil insulation 
puncture voltage, bushing flashover voltage on the inside of the 
transformer tank, and bushing flashover voltage outside of the tank. 


2. Surge-proof transformers should have a reasonable factor of 
safety between insulation puncture strength and minimum bushing 
flashover values. Bushing flashover should occur outside the tank 
to assure, in case of failure of protective equipment, that the trans- 
former insulation will not be damaged. 


3. Conclusion 2 represents in general the ideal case. If extensive 
use of the interconnection of primary arrester ground and grounded 
secondary neutral results in reducing flashovers and punctures to a 
negligible number with non-surge-proof transformers, the added 
cost of the surge-proof type may be warranted only for special 
installations. 


4. In making surge tests on transformers, the natural exposures. 
will be most closely duplicated if surges are impressed between 
primary phase lead and grounded secondary neutral. 


5. It seems likely that the insulation of transformer coils may be 
punctured by an impulse voltage and at a later time withstand line 
voltage. 


TESTS ON PROTECTED TRANSFORMERS 


The first tests consisted of impressing surges upon 
each transformer between primary lead H, and 
secondary neutral X2X3, as indicated in Figs. 1 and 2. 
In these tests the case was ungrounded and the 
primary phase and neutral arresters were connected 
between the respective primary terminals and the 


Ho a | * X4 
2 
| d Xo X3 
a a | x Xy i 
a 
Transformer protected by — Transformer protected by internal 


external arresters 
XXX __ phase arrester 

X neutral arrester 
Figs. 1 (left) and 2 (right). Circuit diagrams for surge 
tests on distribution transformers; surge applied at Hi 


arresters or gaps; arresters con- 
nected to secondary neutral when 
gaps a and b are not supplied 
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grounded secondary neutral. This connection is 
equivalent to employing, in service, the interconnec- 
tion of the secondary neutral and the primary light- 
ning arrester ground. 

As shown in Fig. 3 the applied test wave had a 
peak of 182 kv with the potential increasing at an 
average rate of 50 kv per microsecond on the major 
part of the wave front. This wave was adopted by 
the committee of the Utilities Research Commission 
in charge of the project as being more representative 
of the wave that was likely to reach the average 
distribution transformer than the steeper waves. 
Also, since the transformers were to be tested with 
arrester protection, this wave more nearly approxi- 
mates the specifications for lightning arrester testing. 

With arrester protection as described, the data of 
Table I and oscillograms in Figs. 4 to 6 were taken. 
The oscillogram of Fig. 5 indicates the potential 
between the primary neutral and the secondary 
neutral of transformers Nos. 1 and 4 with the primary 
neutral arrester connected, but evidently not operat- 
ing. Another oscillogram obtained without the 
neutral arrester connection, indicated by its simi- 
larity to Fig. 5 that the neutral arrester had not 
operated in the former test. Fig. 6 illustrates how 
the potential of the ungrounded transformer case 
follows closely the potential of the secondary neutral. 
For one of the transformers with internal protection, 
and with the primary arrester discharging into the 
case, Fig. 7 shows that the potential of the case 
follows closely that of the secondary neutral until the 
primary arrester breaks down; at that time the 
potential between the case and the secondary neutral 


/ BLOPE OF 50K 6 
2 MICROSECOND. — 


GENERATOR WAVE 


8 9 10 it ‘2 13 1415 
MICROSECONDS.. : 


Fig. 3. 


Impulse generator wave 


rises to the breakdown value of the coédrdinating gap 
between case and ground. 

From Table I, it may be noted that the external 
lightning arrester connected between the primary 
phase and the secondary neutral limits the voltage 
across the transformer to about 19 kv. In trans- 
former No. 6 with inclosed arresters the maximum 
voltage was 53.8 kv. While this illustrates the 
beneficial effect of the interconnection, obviously the 
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transformer insulation was not subjected to a very 
severe test. 

Voltages measured between the primary phase 
lead and the case, and between the case and the 
secondary neutral indicate that the ungrounded case 


Fig. 4. Primary phase lead to secondary neutral 
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Fig. 5. Primary neutral to secondary neutral, with neutral 


arrester 


23 ¢5 678 
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Fig. 6. Secondary neutral to transformer case 


Figs. 4,5, and 6. Surge potentials on transformers 
(Nos. 1 and 4) with external arrester protection 


assumes a potential close to that of the secondary 
winding. In transformer No. 6, however, the 
inclosed arresters discharge into the case and raise 
the potential between the case and the secondary to 
that determined by the breakdown of the case-to- 
ground, or the case-to-secondary-neutral gap, de- 
pending upon which gap is allowed to sparkover. 
The surge breakdown of the case-to-ground gap was. 
found to be 22.8 kv; that of the case-to-neutral gap, 
31.4 kv. For Transformer No. 6 the reading from 
the primary phase lead to the case gives the maxi- 
mum arrester potential, in this instance 35.6 kv. 
Voltages between the primary neutral and the 
secondary neutral were in some cases not sufficient 
to operate the 300-volt primary neutral arrester. 
With the primary neutral arrester removed, trans- 
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formers Nos. 2 and 3 showed a voltage between the 
primary neutral and the secondary neutral somewhat 
higher than that between the primary phase lead and 
the secondary neutral. This seems to indicate that 
the primary windings of these transformers had 
broken down between turns or layers. Reconnec- 
tion of the neutral arrester reduced the voltage on the 
primary neutral to about 8 kv indicating that this 


Fig. 7. Potential between transformer case and 
secondary neutral for transformer No. 6 with internal 
arresters discharging into the case 


AMPERES. 
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Fig. 8. Arrester surge current 


value was the surge breakdown of these arresters. 
Oscillograms of Fig. 9 illustrate the potentials be- 
tween the primary neutral and the secondary neutral 
with and without primary neutral arrester connected 
asin Fig. 1. It may be noted here that transformers 
Nos. 2 and 3 had indicated breakdown in direct stroke 
tests on an experimental distribution line. It was 
noted also in the laboratory surge tests on these 2 
transformers, that when measuring the voltage 
between the primary phase lead and the case, a heavy 
discharge was obtained across the measuring gap, 
indicating the probable breakdown between the case 
and the grounded secondary. 

It was not considered feasible to energize the 
transformers when tested on the line. However, 
in tests where the insulation between turns or layers 
may be punctured, the transformer may be energized 
as a means of detecting this type of breakdown 
which might not be apparent otherwise. 

Two of the older transformers, Nos. 8 and 9, not 
of the surge-proof type, were tested; they showed no 
evidence of damage with arrester protection. The 
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arresters were removed and the voltage increased 
until bushing flashover occurred at approximately 
85 kv as noted in Table I. 


TESTS ON UNPROTECTED TRANSFORMERS 


In addition to the surge tests of the transformers 
with protection, 4 transformers were tested without 
protection up to the point of insulation failure. As 
before the surge was applied between the pri ary 
phase lead and the secondary neutral lead. A 
144X10-usec wave was used, the peak voltage of the 
wave being increased gradually until failure of the 
transformer insulation occurred. With this type of 
test the breakdown naturally would occur on the tail 
of the wave. Results of these tests showed insula- 
tion breakdown potentials of from 100 to 160 kv. 
In all cases the breakdown occurred in the insulation 
between primary and secondary windings and did not 
involve the core or case. 


BUSHING FLASHOVER TESTS 


After the tests on the transformers with and with- 
out arrester protection had been completed, the leads 
were disconnected from the windings and the follow- 
ing bushing flashover tests were performed: (1) wet 
and dry flashover outside; (2) dry flashover inside. 
Each test was made with: (1) a 60-cycle voltage; 
(2) a surge having a front of 50 kv per microsecond; 
and (3) a surge having a front of 150 kv per micro- 
second. Some of the transformers had their primary 
leads taped with several layers of varnished cambric. 
With this lead insulation the primary bushings with- 
stood surges of 100-kv peak value. Since this 
potential seemed to be of the order that the winding 
insulation might be expected to withstand, the tests 


Table I—Surge Tests on Transformers With Arrester Protection: 


External arresters used: 3-5 kv on primary phase leads and 300-volt 
neutral arrester in primary neutral 


Transformer Voltage, Kv 


Prim. Prim Prim. Prim. Case Case Case 
Trans- H, to Ay H2to He to to to 
former Sec. to Sec. to Sec. Sec. Sec. 
No. Arresters Neut. Case Neut. Case Neut. Xi Xe 
L..... Bxteraal. ¢; 16.9945 :15.4 ah ei 28 4.0; 2:8 252 
4.7* 
2... External...) 18:3... .16.9**,... 7.9 2.5679 Sst: Senay Gok) TEA 
22.2* 
one xtetnaleen LOKONan OVO re net Sol enORe 2iLecs, 220 2.0 
23 .2* 
4... External... 180... 16,0 See SG Bes ail l Een Clot 3.5 
5.27 
5...External... 19.0...16.4 Se Beste 2.4../ 3.6 2.6 
9,.1* 
6. 4. Internalli.0. T6338. soou6 ~SLONS: om ad: Omsne ev onmeoe eel OR 
7153.2 31.4 
7... nternal oan Lon Oa oTO 627) GOs 2. Viena a an One aeee: 
8... None -am 20.0 
187.6 
9...None ae OTA 
§84.0 


* These readings taken with primary neutral arrester disconnected. 
** Heavy discharge on measuring gap indicating breakdown from case to sec- 
ondary after measuring gap sparked over. 

+ Using both case-to-ground and case-to-neutral gaps. 
tt Using case-to-neutral gap only. 

{ Path of flashover: inside case, phase lead to case 13/16 in., case to secondary 
lead 1!/3 in. 

§ Path of flashover: primary phase lead to case, outside over bushing, 1 in., 
core bolt to secondary jumper, inside 1/2 in. 
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were not carried to the point of puncturing the lead 
insulation or flashing the primary bushings. In- 
stead, a piece of No. 22 B&S gage copper wire was 
coiled around the lead insulation as close as possible 
to the bushing and connected to the lead. This 
approximated the condition of completely deterio- 
rated insulation on the leads. Data givenin Table II 
apply to this condition. 

On transformers Nos. 1 and 4 the outside of the 
bushings was taped and painted in accordance with 
the standard specifications of the Commonwealth 
Edison Company (Chicago). For transformer No. 1 
the bare metal was exposed inside the tank; for 
transformer No. 4, extra leads were used in place of 
those furnished with the transformer, in order to 
avoid cutting the existing leads. All flashover tests 
were conducted in accordance with A.I.E.E. standard 
specifications for this type of testing. In general, the 
data of Table II reveal that transformers Nos. 1 and 4 
have somewhat higher bushing flashover voltages, 
especially inside the tank, than do Nos. 5 and 6. 
Transformer No, 4 shows higher flashover voltages 
inside the tank than does transformer No. 1. Of 
course, in making comparisons from the figures of the 
table it must be remembered that the flashover 
voltages for transformers Nos. 5 and 6 apply to the 


Table II—60-Cycle and Surge Flashover (Kv) of Transformer 


Bushings 
BaLonictcheern eines etry Cee ees. 3 747-756 mm of mercury 
Meme ratuicis ote ee Ge ee 24-96 degC 
DIGI Yee eee thee tae eh, 40-70 per cent 


Precipitation (for wet flashover tests) 0.192-0.205 in. per min 
Water resistivity (for wet flashover tests) 6,550 ohms per cu in. 


Primary Phase or 


Neutral Bushing Secondary Bushing 


Trans- Outside Inside Outside Inside 
former Voltage 

No. Applied Dry Wet Dry Dry Wet Dry 

ieee GOLCy.Clex(eff) =) 7490. ee oo. Ose OaGn es 048.925 nol. Os, oagO 

50, kv per usec... 106.0.,,183,02.. 61.0...101.0:. .101.0.-27° 66.5 

150 kv per usec ..109.0...107.0... 82.0...109.0...102.0... 84.5 

4°50 80:cycle (ef)... ; 53/16... \27 0... 5 40:6... 53.37. . 29.8..: 4153 

50 kv per usec... 96.0...109.0...109.0... 99.0...100.0...100.0 

150) kv per psec ~ . 107.0... .100..0. . 109.0. . 114.0... 101.0. . -109).0 

See OOlercle Kem) ce leo te. a. AT any 2OE0) 240254. 14/6..5 16.9 

BO kv per usec .. 96.0,.. 78.0... 54.5... 60.0... 50,0... 31.5 

150; ky peryisecae 1000.0. Siha,-, B2.0... 02.0,,. 52,04. 438.2 

Grae OOscyclei(eft) on. Ob.9n es 2O.Gn w. Loon, SOL0K.» 2Oe2a0. Le. 2 

BORE VApeLpsee OO. Ol OL ated O20. CON0.G 2 1400 .erroo 0) 

150 kv per psec ..102:0...102.0... 57.5... 88.5... -80.5 37.0 


condition of completely deteriorated lead insulation. 
Considerable variation is noted in the flashover 
voltage outside the tank, of transformers Nos. 1 and 4. 
It seems evident that these are caused by variations 
in the taping and painting of the bushings. Reason- 
able care was used in this operation, but evidently 
uniform results were not obtained. 
ing to note during the tests that in practically all 
cases the 60-cycle flashover punctured the tape, 
while the surge flashover went underneath the tape. 

For the 60-cycle bushing flashover inside the tank 
of transformer No. 4, the values in the table are the 
values of the first flashover. A large amount of 
carbonization occurred and unless the leads were 
removed and the bushings cleaned, the 60-cycle 
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It was interest-.- 


flashover voltage was observed to drop to 65 or 75 
per cent of its initial value. This trouble was not 
noticeable to any extent on the surge flashover tests. 
It was observed that the inside bushing flashover of 
transformer No. 4 did not puncture the lead insula- 
tion but followed the surface of the porcelain into the 
metal of the lead. 

Data of Table II also indicate that the surge 
flashover under rain conditions is not materially 
different from that under dry conditions. In this 
respect it may be noted here that one of the trans- 
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Fig. 9. Potential between primary neutral He and 
secondary neutral XiX3 on transformers (Nos. 2 and 3) 
with insulation previously broken down 


formers, in contrast to the others, was designed so 
that very little of the drip from the tank fell upon 
the bushings. 

As mentioned previously, the coil insulation of 
some of the transformers did not receive a severe test. 
It seemed desirable, therefore, to determine the 
effects of a more severe surge upon the windings of 
the transformers. Accordingly, the insulation be- 
tween the primary and the case on some of the trans- 
formers was tested up to the point of primary bush- 
ing flashover inside the case as listed in Table II. 
No evidence of insulation damage was noted in these 
tests. 

Some tests were made also to determine the re- 
covery value, if any, of punctured insulation as the 
result of the oil filling up the puncture. The 2 
transformers which in previous tests had indicated 
breakdown between the secondary windings and the 
case were subjected to surges up to the point of 
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breakdown between the secondary and the case. 
The following values were obtained in this test: 


Breakdown, ; 
Transformer Secondary to Case Oil Test 
No. 2 56 kv 24.8 kv 
No, 3 17 kv 25.5 kv 


Low Voltage Network 
Cable of a New Type 


A secondary network cable that will burn 
clear without producing any smoke, in- 
flammable, explosive, or toxic gases during 
faults has been developed. Tight and 
loose faults were cleared satisfactorily in 
a series of tests in underground ducts and 
vertical conduits without involving adjacent 
unfaulted phases. Dielectric strength is 
high and is recovered after exposure to 
water. The new insulation cannot car- 
bonize and will withstand high tempera- 
tures. 


By 
H. O. ANDERSON 


ASSOCIATE A.1.E.E. 


M. C. CHENEY 


ASSOCIATE A.IE.E. 


Both of 
Rockbestos Products Corp., 
New Haven, Conn. 


A, A RESULT of operating experi- 
ence on low voltage secondary networks an insistent 
demand has been built up for a self-clearing second- 
ary cable—one that would burn clear within a com- 
paratively short time even under the most severe 
fault condition, and furthermore one that would not 
liberate inflammable, explosive, or toxic gases during 
the clearing. 

In 1929 work was started by the Rockbestos 
Products Corporation on the development of such a 
cable and continued until March 1933 when a final 
series of tests was made. As each stage of develop- 
ment was reached in the laboratory the findings were 
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These values would seem to indicate that a trans- 
former in service might have its insulation punctured 
by a surge and still have sufficient insulation for 
normal line potential. If the transformer fuse is 
blown, there is necessarily some time interval before 
it is replaced. This allows time for the oil to fill the 
puncture so that when the fuse is replaced the trans- 
former continues to operate as before. Such has 
been the experience of many companies. 


checked under actual service conditions through the 
coéperation of the Western Massachusetts Compa- 
nies who made available a complete testing ground and 
equipment at their No. 5 substation in East Spring- 
field, Mass. The primary purpose of the March 
1933 tests was to demonstrate the performance of this 
cable under the most adverse conditions experienced 
in network operation. 

Following are the conclusions which were drawn as 
the result of these tests: 


1. These tests clearly demonstrate that under most severe fault 
conditions the cable insulation gives off no inflammable, explosive, 
or toxic gases. 


2. This cable insulation does not burn and therefore practically no 
smoke is generated by the insulation as a result of any type of fault. 


3. It is possible to enter the manholes for repairs almost imme- 
diately after the fault clears. 


4. The heat resisting quality of the insulation is clearly demon- 
strated by the high mechanical strength of the insulation after burn- 
off. Even adjacent to the burn-off where the copper conductor was 
fused and where the temperature was estimated to be at least 3,000 
deg C, the insulation possessed sufficient mechanical strength to 
remain practically intact after removal from the ducts. (See Fig. 1.) 


5. So far as maximum operating temperatures are concerned the 
cable insulation does not impose any limitation, since it is unharmed 
by temperature below the melting point of copper. 


6. The insulation of the cable shows practically the same dielectric 
strength after burn-off as before. Tests were made on sections of 
cable near the burn-offs after removal from the ducts. 


7. While this form of insulation will absorb some moisture if 
exposed to water, the resulting leakage currents dry out the insula- 
tion so that it regains its initial electrical characteristics. 


8. The large number of reéstablishments of current flow, following 
clearing in 2 of these tests (tests 5 and 6, described later) were caused 
by the accumulation of molten lead and copper in the lower half of 
the conduit rather than by any characteristic of the cable insulation. 
This is proved by the comparatively few restrikes in test 17. 


9. No difficulty was experienced in removing the insulation from 
the cables in preparation for the tests. 


10. No explosion or fire and practically no smoke was observed 
when the cables were tested in iron, tile, or soapstone ducts. 


11. In spite of the presence of vapors and molten metal, all faults 
cleared satisfactorily without communication to any part of the 
system beyond the faulted cables. 


12. Single-phase and 2-phase faults cleared without involving the 
unfaulted phases. Examination of cables after removal showed only 
short sections of lead sheath melted off the unfaulted cable at the 
points where faulted cables burned clear, or where there was contact 
with the hot neutral. : 


13. Practically no difficulty was experienced in removing the cables 
from the ducts following the tests. 


TEST CABLES 


The cables used in these tests were made up of 
4/0 plain copper conductors (19 strands of 0.1055 in. 
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diam each) insulated with a special form of ‘‘Rock- 
bestos”’ insulation having a wall thickness of 0.100 in. 
and enclosed in a °/¢4-in. lead sheath. This cable was 
used in all tests except test No. 17, where non-leaded 
cables were used. The insulating wall in these cables 
consisted of felted asbestos impregnated with a 
special compound. Neutrals in the test sections 
were of 4/0 bare copper conductors (19 strands of 
0.1055 in. diam each). 

The “tight” faults were made by removing ap- 
proximately 12 in. of insulation in the center of the 
phase conductors to be faulted and tightly binding 
them and the bare neutral together with copper tie 
wire, except in test 11, where the neutral was in a 
separate duct. The ‘“‘loose’’ faults were made the 
same way except that they were bound loosely with 
a smaller size tie wire. 


A group of specially insulated low voltage 
The 
discoloration which may be noted is due to copper 
and lead vapors and grease from dust and from 


Fig. 1. 
network cables after being subjected to faults. 


handling. The temperature to which these cables 
were subjected is estimated to have been 3,000 deg C 


In tests 1, 2, 3, 4, and 15 the connections between 
the test cables and the feeders were wiped lead joints. 
In all other tests the connections were made with 
‘bolted ZT connectors and wrapped with asbestos 
listing. This method of connection was used to 
avoid the delay of making wiped lead joints. 
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- the others 3.5 in. 


ELECTRICAL PROPERTIES 


The dielectric strength of the cables used in these 
tests is as follows: 
1. The dielectric strength of 100 mils of insulation averages 3,725 
volts. 


2. After prolonged heating for 63 hr at 150 deg C, and while still at 
that temperature, dielectric breakdown on the 100-mil cable thick- 
ness occurred at 2,800 volts, average. 


3. After heating 63 hr at 275 deg C and while still at that tempera- 
ture, breakdown occurred at 2,300 volts, average. 


4. After heating 63 hr at 150 deg C and then being cooled to room 
temperature, breakdown occurred at 3,800 volts, average. 


5. After heating 63 hr at 275 deg C and then being cooled to room 
temperature, breakdown occurred at 3,750 volts, average. 


These cables are subjected to the usual routine full 
reel factory dielectric test of 1,500 volts for 5 min. 

Sections of the test cables which had been removed 
from the ducts were tested. The tested sections 
were approximately 8 in. from the burn-off. The 
dielectric breakdown at room temperature on these 
samples averaged 3,730 volts. 


TESTING EQUIPMENT 


A view of the testing equipment is shown in Fig. 2. 
The duct and manhole arrangement used in these © 
tests is shown in Fig. 3, and the layout of the elec- 
trical equipment used is shown in Fig. 4. As indi- 
cated, 2 standard construction manholes with 8 duct 
lines were built outside the substation yard at 
Substation No. 5, East Springfield, Mass., of the 
Western Massachusetts Companies. The ducts be- 
tween the manholes were 2 each of fiber, tile, soap- 
stone, and iron. The tile ducts were 3.25 in. and 
Each pair of ducts was constructed 
in a separate concrete envelope so that the pair could 
be dug up without disturbing the others. The 
lateral ducts were 3.25-in. tile leading from the 
manholes into the yard. 

Three single-phase 500-kva 25-cycle, 5.7-per cent 
reactance, 13,800/120-volt oil-insulated self-cooled 
transformers and 3 specially built reactors were 
located in a spare 13-kv oil circuit breaker bay. 
The transformers were operated at 60 cycles con- 


Fig. 2. Transformer and reactor testing equipment 

used for conducting tests on the new cables at No. 5 

substation, East Springfield, Mass., of the Western 
Massachusetts Companies 
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Fig. 3. Plan showing duct and manhole arrange- 
ment for conducting tests on cables at No. 5 sub- 
station 


nected delta on the primary and 4-wire 120/208-volt 
star on the secondary. The open circuit secondary 
voltages to ground measured 120, 120, and 121 volt. 
All switching was done at 13.8-kv on the primary side 
of the transformers. The total safe short-circuit 
capacity of the testing equip ment was 6,000 amp. 

The reactors were single phase and each consisted 
of 2 48-in. cable reels wound with 12 turns of 
1,000,000 cir-mil cable and provided with variable 
‘taps. The iron hubs and through-bolts were re- 
moved from the reels and brass bolts and wood 
braces substituted. The 2 reactors of each phase 
were mounted on top of each other and were ar- 
ranged for either series or parallel connection with 
different tap combinations. 

For reading current in each phase and ground, 
4 5,000-volt 25/60-cycle 6,000/5-amp through-bar 
type indoor current transformers and 4 5-amp high 
speed graphic ammeters were used. The chart speed 
was 1.5 in. per sec. Direct reading ammeters were 
used to check the graphic ammeters. 

The jumpers from the transformers to the reactors 
and the leads from the reactors to the feeders were 
made from 2,000,000-cir-mil cable. The phase 
feeders from the reactor leads inside the substation 
yard through the lateral ducts into the manholes 
outside the yard were parallel 4/0 cables insulated 
exactly like the test cables. The neutrals from the 
reactor leads through the lateral ducts to the test 
cables were 500,000-cir-mil bare copper. Faults 
could be fed from one end only or from both ends 
simultaneously. 

For the vertical riser tests a pole was erected out- 
side the substation yard. Two 3.5-in. iron conduits 
were supported on this pole by means of channel iron 
cross pieces. The iron conduit and channel iron 
sections were all grounded. Four 2,000,000-cir-mil 
test leads were carried to the top of the pole to feed 
the fault from that point. An additional set of 
2,000,000-cir-mil leads were used to feed the fault 
from the bottom of the pole. Transite board was 
used to protect the feeders and joints from molten 
lead. 


OBSERVATIONS AND TEST RESULTS 


Seventeen tests were conducted; these were de- 
signed to include all types of fault conditions en- 
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countered in network operation. Progress of the 
tests was recorded on the graphic meters and checked 
from the direct reading meters. All tests were 
checked with 3 stop watches. Observers were sta- 
tioned at each manhole for the underground tests and 
noted any special phenomena occurring. Photo- 
graphs were taken on a regular schedule throughout 
the entire test program. 

Data and observations taken during the tests are 
summarized in the following paragraphs. In each 
of these paragraphs, information is given on: (1) test 
number; (2) type of fault; (3) whether power is sup- 
plied from one or both ends of the cables; (4) maxi- 
mum current at the fault, averaged for all phases, and 
current in neutral; (5) approximate clearing time 
averaged for both ends of all 3 cables; (6) data on the 
momentary reéstablishments of the current after the 
first clearing; (7) duration of tests, that is, total time 
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Fig. 4. Plan showing electrical layout for conduct- 
ing tests on cables at No. 5 substation 


during which voltage was applied to the cable; and 
(8) various remarks of the observers recorded during 
the tests. 


Test 1. Three-phase tight fault in center of tile duct. Power 
supplied at both ends. Maximum current at fault averaged 6,000: 
amp in 3 phases and was 4,920 amp in neutral. Average clearing 
time, 3 min. One to 8 momentary reéstablishment of current flow 
occurred in each phase, between 3 and 3.5 min from the start of tests; 
reéstablishment current average 2,250 amp. Test duration, 10 min. 

In 2 min from the start of test a light vapor was noted at east. 
manhole cover. One minute later this same trace of vapor appeared 
at west manhole cover and simultaneously at the mouths of the 
west lateral ducts. This disappeared with the clearing. At 4 min 
copper vapor was noted at the east manhole cover. Manholes were 
clear and men were working in manholes 6 min after shutting off 
current. All 3 phases burned off 10 ft from duct mouth in east 
manhole. In west manhole one phase cleared in duct and other 2’ 
phases burned offin manhole. Lead sheath melted off all conductors. 


Test 2. Three-phase tight fault in center of iron duct. Power 
supplied at both ends. Maximum current averaged over 6,000 amp 
in phases, with 4,550 amp in neutral. Clearing time, 3 min. Two 
reéstablishments occurred on phase A, one each on phases B and C: 
all occurred between 3 and 3.5 min from starting time; current 
averaged 2,300 amp. Duration of test, 9 min. 

A light steam-like vapor was noted at east manhole cover as 
phases cleared. At 3 min similar vapor noted at west manhole 
cover at reistablishment of A phase. All 3 phases cleared in west 
manhole. On east end one phase burned off in manhole and 2: 
phases burned off at duct mouth. Manhole covers off one minute 
after test and a man went down immediately to recover blower 


ELECTRICAL ENGINEERING. 


_ averaged 2.5 min. 


hose which accidentally dropped in. 
melted off all conductors. 


No ill effects. Lead sheath 


Test 3. Three-phase tight fault in center of soapstone duct. 
Power supplied at both ends. Maximum current averaged over 
6,000 amp in phases, and was 4,520 amp in neutral. Clearing time 
Over 20 reéstablishments occurred on each 
phase, but had stopped at 3 min, 37 sec, after start of test. Duration 
of test, 10 min. 

Slight puff of metal vapor in both manholes on clearing. Several 
pufis from restrikes noted at west manhole. All cables burned off 
in duct on both ends. Cables intact in manholes. Men down to 
work 4 min after current off. Some of the lead sheath remained on 
cables. Insulation was in very good condition where lead had been 
melted. One phase cleared in Y-joint in manhole. Later investiga- 
tion showed this due to error in connecting parallel feeders to phase 
leads. 


Test 4. Three-phase loose fault 10 ft from center of tile duct. 
Power supplied at both ends. Maximum current averaged over 
6,000 amp in phases and was 3,240 amp in neutral. Clearing time, 
52 sec. All phases were then reéstablishing up to between 4 and 5 
min from start of test, the current varying up to approximately 
5,000 amp in phases. Duration of test, 10 min. 

Puffs of copper vapor noted at both manholes as phases reéstab- 
lished. Shortly afterward white smoke issued from both east and 
west lateral ducts in the yard. Parallel feeders in the yard jumped 
continuously until final clearing. Manhole covers off immediately 
after test. However, men were not able to enter manholes imme- 
diately due to the large amount of copper and lead vapor present. 
Cables in west manhole intact including lead sheath. Burn-off 
occurred in the duct. At east end arc carried back and lead melted 
Lead sheath practically intact 


off conductors in east manhole. 


Fig. 5. Arrange- 
ment for conduct- 
ing vertical riser 


tests, showing 
test No. 5 in 
progress 


-on west end of test length except for a section about 3 ft back from 
‘point of burn-off. 


Test 5. Three-phase loose fault in center of vertical iron duct. 
Power supplied at both ends. Maximum current averaged 5,100 
amp in phases, and was 5,520 amp in neutral. Clearing time, 
5 sec. Between 20 and 80 reéstablishments occurred in each phase 
with current varying between zero and 4,890 amp; final clearing on 
all phases occurring in 44 sec. Duration of test, 5 min, 40 sec. 

During the first minute a slight amount of smoke appeared at top 
of riser followed by heavy arcing and resultant vapor. Arc burned 
through iron riser, setting fire to the weatherproof leads which were 
feeding the top of the fault and which were adjacent to the point 
where the arc burned through the pipe. (See Fig. 5.) All phases 
cleared inside the duct. Bottom ends of faulted cables pulled out 


-of duct by hand very easily. Lead sheath intact on upper half with 


exception of area not over one foot above point of burn-off. Lower 
half had some lead sheath remaining. Insulation hardly discolored. 
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Test 6. Two-phase tight fault in center of vertical iron duct. 
Power supplied at both ends. Maximum current was over 6,000 
amp in each of the 2 phases (A and B) and neutral. Clearing time 
varied between 1 min, 25 sec, and 3 min, 32 sec. Reéstablishments 
involving the third phase occurred up to 3.5 min. Duration of test, 
8.5 min. 

Slight smoke noticed at top of pipe and at bottom leads at ap- 
proximately 2 min. Molten lead began to drip shortly after. 
Heavy arc cut through bottom of riser about one foot long. Phase 
wires and neutral were bound together with asbestos listing at 
bottom of riser. This caused an accumulation of lead at this point. 
The lead sheath entirely gone except on phase C, which was only 
slightly melted at point of burn-off. Phase A burned off both sides 
of fault. Phase C was unfaulted but came in at 2 min due to 
restrike at bottom of pipe where arc was maintained because of 
accumulation of lead where listing was tied around the cables. 


Test 7. Single-phase tight fault in center of vertical iron duct. 
Power supplied at both ends. Maximum current over 6,000 amp 
in the one phase and neutral. Clearing time, 2 min, 6 sec, at one 
end and 2 min, 22 sec, at other end of faulted cable. No reéstab- 
lishment occured on any phase. Duration of test, 5.5 min. 

Slight smoke at both ends of riser after approximately one minute. 
Neutral became red hot in 2 min and dropped down. Neutral 
burned off at both ends of riser, causing slight scar on lead sheath 
of A and B phase cables at these points. A and B phase cables, 
which were not faulted, were not involved. 


Test 8. Three-phase tight fault in center of vertical iron duct. 
Power supplied at both ends. Maximum current averaged 4,600 
amp in phases and was 5,280 amp in neutral. Clearing time aver- 
aged about 4 min. Reéstablishment occurred up to about 6 min. 
Duration of test, 10 min. 

Light smoke issuing from bottom in 2 min; lead dripped in 3 min 
followed by heavy arcing at the bottom, but with very little smoke. 
Arcing burned through riser about half way up. Phases cleared at 
the top of the riser. Lead sheath gone except for distance of about 
3 ft at top of cable. 


Test 9. Three-phase tight fault with cables on top of ground. 
Power supplied at one end only. Maximum current, about 4,100 
amp in phases, and 3,240 amp in neutral. Clearing time on each 
phase from 1.5 to 2 min. No reéstablishments on any phase. 
Duration of test, 5 min. 

Slight white steam-like vapor at fault in about 30 sec, and at 
one minute at terminals. Lead melted off in about one minute. 
All phases cleared cleanly at the transite barrier which was used 
to protect the feeders. Insulation in very good condition. 


Test 10. Three-phase tight fault in center of iron duct. Power 
supplied at both ends. Maximum current averaged 3,900 amp in 
phases and was 4,100 amp in neutral. Clearing time, about 9 min. 
Four momentary reéstablishments occurred on one phase and 2 on 
another, at between 9 and 10 min from start of test. Duration of 
test, 15 min. 

No smoke or vapor whatever noted. Two phases burned off inside 
duct mouth in west manhole and one in the manhole, and 2 phases, 
A and B, burned off at duct mouth in east manhole; phase C cleared 


in duct. Lead practically all melted off conductors, and insulation 
in good condition. 
Test 11. Two-phase tight fault in center of tile duct; neutral in 


Maximum current 


separate duct. Power supplied at both ends. 


Fig. 6. Clearing 
of cables at top of 
vertical iron riser 
in test No. 17. 
All phases 


burned off clean 


about 4,100 amp in 2 phases and 1,620 amp in neutral. Clearing 
time, about 8.5 min. Reéstablishments occurred on the 2 phases up 
to about 9.5 min. Duration of test, 14 min. 

Slight puffs of vapor noted at reéstablishments. One phase 
cleared in duct and one phase cleared in manhole. Third phase 


intact including lead sheath. 


Test 12. Three-phase tight fault in center of fiber duct on top 
of ground. Power supplied at both ends. Maximum current 
averaged 5,700 amp in phases and was 4,860 amp in neutral. Clear- 
ing time on different phases, 2 min, 40 sec to 5 min, 28 sec. Re- 
establishments occurred on all 3 phases up to 5 min, 28sec. Dura- 
tion of test, 8 min. 

Light smoke started in about 2 min, getting heavier, then lighter, 
and then heavier again. This turned to dense yellow and finally 
black indicating burning of the fiber. Heavy fire and arcing over 
each half of length of duct occurred at about 4 min. Center of duct 
broke open about 30 sec later. Cables burned off cleanly at east 
end of duct. Due to the continuous arcing entire east half of duct 
and test cables were destroyed. 


Test 13. Three-phase tight fault in center of fiber duct. Power 
supplied at both ends. Maximum current averaged some 6,000 amp 
in phases and was 4,800 amp in neutral. Clearing time, about 3.5 
min. One momentary reéstablishment occurred on one phase after 
4 min; current was 1,780 amp. Duration of test, 10 min. 

Light smoke in 2 min noted at west manhole. This turned black 
almost immediately and then to yellow in less than 2 min. No 
movement of west manhole cover. Light smoke in 3 min from east 
manhole and puff at 4 min. Explosion at 5 min which raised cover 

: See : about 6 in. on one side. Another slight explosion at 7 min, raised 

. cover about 2in. Puffs continued for another minute. When covers 
Fig. 7 srvaye): Tests } ar were raised dense yellow smoke issued from both manholes. Blowers 
Lad eels ; a AAG €aq were started immediately and men entered manholes 12 min after 
network, showing, first, the current off. Phases in west end all cleared in manhole. In east 
single phase spike fault, manhole one phase cleared at duct mouth and one phase cleared in 
second, what happened im- the manhole 3 ft from duct mouth on the rack and third phase 
mediately the switch was cleared in the duct. About 10 ft from the east manhole the cables 
closed, and third, the result. were stuck in the duct due to a conglomerate mass of lead and fiber, 
Half the spike was melted off so that they could not be pulled out for examination. 


together with the adjacent Test 14. Three-phase loose fault in center of fiber duct. Power 
lead sheath, without injuring supplied at both ends. Maximum current averaged 4,600 amp in 
the insulation. The line con- phases, and was 2,590 amp in neutral. Clearing time, 3 min. 
tinued to operate normally Reéstablishments continued up to 4 min, 9 sec, the strikes occurring 
after the arc was extinguished. at the rate of 100 per min for part of this period, as a result of this 
The bare neutral was slightly being a loose fault. Duration of test, 8.5 min. f 
meltcdiwhere it lay arethe An explosion raised both manhole covers slightly almost imme- 
ee AT Aes lirclenting time diately with the closing of the switch. Heavy yellow and black 
Spl 3 smoke issued around both manhole covers and from both sets of 
about 0.5 sec lateral ducts. It was possible to clear manholes with blowers so 
covers were replaced and covered with sand during noon hour. 
Ducts were still burning when manhole covers were removed and 
duct lines and manholes were filled with water to extinguish fire. 
All phases cleared inside of duct mouth. 


Test 15. Three-phase tight fault in center of iron duct; joints 
leaded, and manholes full of water, so that ducts were flooded. 


Fig. 8 (left). Taking a shot at the new type of cable 

in an overhead network set-up. The middle photo- 

graph shows the fault when the buckshot and deer slug 

hit the cables, and the third photograph shows the re- 

sult. The faults cleared immediately without any 
reestablishment 


Fig. 9 (right). Performance of a 3-phase tight fault 
on an overhead network set-up. The first of these 8 
views shows the method of making the fault with 
several turns of copper tie wire around the cables of 
all 3 phases and the bare neutral, while the last view 
shows the clean clearing. The 6 intermediate views 
show the complete progress of the clearing. The 
action started immediately with the closing of the 
switch. These pictures taken at the rate of 8 per sec 
showed that clearing occurred in less than 1 sec 
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Power supplied at both ends. Current averaged approximately 
6,000 amp in phases and was 5,220 amp in neutral. Phases B 
and C cleared in 8.5 to 10 min, but the dissipation of heat generated 
in phase A cable was so rapid that it could not clear. No reéstab- 
lishments on phases B and C. Test discontinued after 14 min to 
avoid overloading transformers. 

Slight steam-like vapor issued from lateral ducts at 4 min and 
continued throughout test. No smoke or vapor from either man- 
hole. After removing the cables from the duct it was found that 
in phases B and C the conductor had burned clear, leaving a gap 
approximately 2.5 in. long inside the insulating tube, leaving the 
insulation and lead sheath intact. Apparently the copper which 
originally filled the gap had fused or vaporized and flowed into the 
space created by the melting of the stranded conductor on either 
side of this point. One theory of this peculiar effect is that this 
was a high point in the cable, perhaps where it crossed over one 
of the other legs, and when the conductor finally reached a molten 
state the copper flowed back to lower levels on both sides of the 
break. The fact that the lead sheath was still intact may be 
accounted for, first, by the presence of the surrounding water which 
prevented its melting and second, because whatever gas was given 
off by the insulation, even under the heat of the molten copper 
was of such small amount that no appreciable internal pressure 
was produced. 


Test 16. This test was designed to show the recuperative powers 
of the insulation when exposed to water. No graphic records were 
taken. The test conductors consisted of 3 20 ft lengths of leaded 
conductor for the phases and a 20 ft neutral. In the center of the 
phase conductors the lead was removed for about 2 ft; the lead was 
belled open to permit free entrance of the water. The phase con- 
ductors and the neutral were then bound together with copper tie 
wire. Current was supplied from one end only, and was turned on 
with cables dry in the air to make sure no accidental fault had 
occurred in assembling. Next the cables were immersed with ends 
exposed, in a 25-gal tank of water for 5 min. At this time they 
were removed and set up on blocks in the open air and current fed 
from one end. Initial current was approximately 120 amp, which 
dropped to a value too small to read on the meters in less than 8 sec. 
Readings had to be approximate due to the limitation of the indi- 
cating meters. Steam came from the insulation for approximately 
10 min and had nearly ceased when the current was cut off at 10 min. 
The cables were then replaced in the tank of water and allowed to 
soak for 5 min. Current was again applied with cables in water for 
12 min. Initial current 720 amp, but this dropped in less than 
3 sec to a value too small to read on the meters. At 6 min steam 
came out of the strands at the ends of the conductors and continued 
throughout test. The vapor began to rise from the water at about 
8 min and continued until test was shut off. After the test the 
temperature of the water was luke warm. The hands could be 
placed in the water with no discomfort. Examination of the insula- 
tion showed no apparent change. Subsequently, other tests on 
cables submerged under water, and having the lead sheath drilled 
with pin holes, were conducted. Three of these tests extended for 
28 days and no failure of the insulation had been recorded. Another 
test was conducted which demonstrated that if a dead cable with a 
defective sheath, which had lain submerged in water for a long 
period were suddenly energized, the internal pressure produced 
would be insufficient to rupture the sheath. 


Test 17. Three-phase tight fault in center of vertical iron duct; 
unleaded cables. Power supplied at both ends. Maximum current 
averaged 5,750 amp in phases and was 4,400 amp in neutral. Clear- 
ing time, approximately 3 min. An average of 4 reéstablishments 
occurred on each phase between 3 and 4 min from the start of the 
test, with currents between 2,000 and 5,000 amp. Duration of test, 
8 min. 

Light smoke at top of riser after 2 min. Copper ran out of bottom 
of duct in 8 min. Heavy arcs top and bottom continued for 30 sec 
burning cables clear at top and bottom of riser. (See Fig. 6.) 


LATER TESTS 


Other tests, made after the March 1933 tests de- 
scribed above, were taken on lead covered cables sus- 
pended in air to give the equivalent of an overhead 
network. These later tests and the results are shown 
graphically in Figs. 7, 8, and 9. 
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The Induction Motor 
on Unsteady Loads 


By 
R. D. BALL 


ASSOCIATE A.I.E.E. 


The English Electric 
Co., Bradford, England 


Tue approximate calculation of cyclic 
irregularity and variation in motor current due to a 
steady load with a sinusoidally varying load super- 
posed is dealt with in this letter. For the case of 
a slip ring motor at a given torque, the effect of 
varying the slip by means of rotor resistance or 
separately driven cascaded commutator machine is 
briefly discussed and a numerical sample is given. 
A list of the symbols used follows: 


Tmaz = Maximum load torque in lb-ft on shaft 
Tmin = minimum load torque in lb-ft on shaft 
le = mean load torque in lb-ft on shaft 
= Tar SF Tenn 
2 
on lias sme, Lrg 
us is OTe 
Omar = inaximum angular velocity of shaft in radians per sec 
G 
= 21 'PSmazr = (1 + 5) 
min = Minimum angular velocity of shaft in radians per sec 
CG 
= 20 1PSmin = w (1 _ 5) 
re) = mean angular velocity of shaft in radians per sec 
= 27 7PSmean = Wsyn (ll — S) 
Wsyn = 2r 1 PSsynchronous 
G = cydic irregularity = Ue Tus = se 
S) = slip corresponding to shaft torque T 
od = angle of lag in radians 


WR? = weight of rotating masses in lb X (radius of gyration in ft)? 
g = 382.2 


te = periodic time of disturbance, i. e., time per complete cycle 
: 1 
if = frequency of disturbance = ve 
Pp 
4 = stator current corresponding to a shaft torque T (rms amp) 
omit 
TMAXt --7 
WwW 
= 
Go aT 
a 
fe) 
t= 
O° TMIN : 7 
3S Fig. 1. Typical 
4 
curve of load 
torque vs. time 
TIME IN SEC ¢ 
A typical curve is shown in Fig. 1. The deriva- 


tion of the equations follows: 


At any time ?: 
Load torque = 7J[1 + K sin (2rft — ¢)] 


Written especially for ELEcTRIcCAL ENGINEERING. 
form. 


Not published in pamphlet 
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w (1 + + sin Ont) 


Torque given out by rotating masses = 
WR? dw _ WR 
g dt g 


Motor torque = T (1 + = sin 2rtt , assuming that the slip is 


Angular velocity of shaft = 


mfCw cos 2rft 


proportional to load 
Load torque = torque given out by rotating masses + motor torque 


Car 
Tl1 + Ksin (2rft — ¢)] = ~ miCw cos 2rtt + T (1+ 59 sin 2nft ) 
Dividing by 7K and simplifying we haan 
: 
sin (27ft — ¢) = ve afCe cos 2rft + ce sin 2rft 


but, by aoe 
sin (2rft — ¢) = sin ¢ cos 2rft + cos ¢ sin 2rft 


2 
wR fC 
but ae iad e hate = 


= bere 2 af Co) + (5%) - 
(2SWR?xfo)? + a 


; c 
“. Sing = cos ¢ = 35K 


4K°g 27282 
whence 
2KeTS 
~ 4/gT? + (2SWR nfo)? 
Dividing both numerator and denominator by gTS 
2K 


Gies 
1 w 2rfWR*\? 
Ve a ( gT ) 
but 
@ = Wyn (1 — S) 


V2 4 (2am (1 — S) 22fWR? \? 
S? ( eT ) 


When the angular velocity of the shaft increases, the current de- 
creases. Let us further assume that the load current drawn from 
the line is proportional to torque, and we obtain 


Instantaneous current = i1-¥ -= 5 sin 2rft ) (2) 
G 

Maximum current = 7 (1 + =~ 35 (3) 

Minimum current = 7 @ _ iS 4 
rm PAS (4) 

The current variation from the mean value of z is therefore + = but 

from eq 1 

1c 1K 


(5) 


DY 2 
== ar Wyn (1 — S)S 

We are interested in the value of slip at full load and mean torque 

which gives us the minimum current variation, and by inspection it 
is obvious that for this condition (1 — S)S must be a maximum. 

Differentiating this quantity and equating to zero, we obtain 


de SS, 
ao 
1 


“Sy 


Inf WR? 


1—-2S =0 


That is, for minimum current variation the slip at mean torque is to 
be 50 per cent. 


Such a large value of slip cannot, however, be 
permitted as the losses in the resistances introduced 
in the secondary circuit will be excessive. In 
practise therefore it is always necessary to allow 
larger current peaks to take place and to fit a suitable 
flywheel when constant resistance values are in- 
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serted in the rotor circuit. It is interesting to note 
that by regulating the amount of resistance inserted 
in proportion to torque or even inserting a large 
value of resistance when full load mean torque is 
reached as in the Ilgner system, the current peaks 
can be reduced. ‘The effect of the sinusoidal varia- 
tion of current is to increase the copper losses of 
both stator and rotor. 

If we designate the normal copper loss for a steady 
torque T by 7’, then, since by eq 2 the instantaneous 


current is given by 7(1 — x sin 2rft), it is obvious 
that the copper losses of the same motor working 

4 
with acyclic speed variation will be 2’r (1 nile sin ) 


25 
at any instant, where 6 = 2rft. Hence the ratio of 


copper loss with cyclic speed variation 
copper loss with steady torque 7” 
will be 


Lf (- Saran pS} 


from eq 2 has a minimum value of i(1 — sin 5) ne 


for one cycle 


Thus for a current irregularity of = 1, the current 


‘ 


and a maximum value of 7( 1 + sin 3) = 2¢ and thus 


varies between 0 and 2 times the steady current 
value; the ratio of 
copper loss with cyclic speed variation 
copper loss with steady torque 7’ 
substitution in eq 6. In other words, if a motor 
works with considerable cyclic irregularity and the 
temperature rise on steady load is just within a safe 
limit, dangerous temperatures may be reached. 
So far we have assumed that the torque given by 
the motor is proportional to slip; however, if the 


= 1.5 by 


ae reaches 


anywhere near the stalling point of the motor, the 
torque is no longer proportional to slip and the 
motor will stall. In some cases the motor may 


maximum slip denoted by S + 5 


29,000}-- - 


= 
° ° 
° 3° 
t 
LOAD TORQUE 
—LB-FT ~ 


LOAD TORQUE 
—LB-FT 


0.10 0.20 (0) 5 10 1S 
TIME IN SEC ¢ TIME IN SEC t 


Fig. 2. Example 1 Fig. 3. Example 2 


even act first as an induction motor, then as an in- 
duction generator when K becomes greater than 
unity and the inertia of the rotating masses is 
negligible. 

It is interesting to note that so long as the mean 
torque is positive, there is some theoretical value of 
flywheel which will stop the motor from surpassing 
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synchronism. In practise we rarely get a sinu- 
soidally varying torque curve but we can always get 
an equivalent sine curve to enable us to calculate c. 


EXAMPLE 1 


Induction motor, 20 hp, 955 rpm on full load (see Fig. 2.) 
WR? of motor and coupled masses 65 lb-ft? 


f= 200 To, = 0 a) 
200 — 0 
is 2 X 100 he 
@syn = 104.5 radians per sec 
t. = 0.10 
i= 10 
Slip at full load torque of 110 lb-ft = 0.045 
Slip at mean torque of 100 lb-ft = 0.0408 
From eq 1 
ane Poul 
| 1, § 104.5 X 0.9592 X 2x 10 X 65 |? 
0.0408? 32.2 X 100 
Li 
~ »/602 + 16100 
= 0.0155 
Maximum slip = S + = = 0.0408 + 0.0155 = 0.0563 
Ae 4C 0.01552 , 
Current variation = a5 = se 5x 0.0408 ~ + 0.197 


Effective copper loss from eq 6 = 1 + 5 0.19? = 1.018 


EXAMPLE 2 


A 5,000-hp 490-rpm rolling mill motor (see Fig. 3) has to drive a 
cyclically varying load, the maximum measured horsepower being 
20,000 hp at 460 rpm when the material goes through the rolls, the 
rolling period being 5 sec. The horsepower required to drive the 
rolls light is 500 hp at 499 rpm. The WR? of the motor, flywheel 
and drive is 1,600,000 lb-ft. The normal full load current at 
5,000 hp is 100 amp. Find the rotor resistance to restrict current to 
280 amp. 

In many instances such as the above, the torque wave form may 
not be a sine wave, but a sufficiently accurate answer may be ob- 
tained by assuming an equivalent sine wave 


Calculation A. No external rotor resistance 


ee — 229,000 lb-ft K = 1 (approx.) 
Deis 525 lb-ft Slip at full load torque = 0.02 

= 114,762 lb-ft Slip at 114,762 lb-ft = 0.0427 
Wsyn = 52.1 radians per sec 
Amperes = 100 f = 0.20 
Amperes = 214 

tC 2145x0€ 

From eq 5 Ss ne 

a 214 X 1 

on 27 0.2 X 1,600,000 X 52.1 X 0.9573 X 0.0427\?2 
32.2 X 114,762 

Roe Js 
“35 = 214 X 0.66 = 141 amp 


Max current = 214 + 141 = 355 amp 


Calculation B. External resistance in rotor to give full load slip = 
0.06 


Slip at full load torque = 0.06 Amperes = 100 
Slip at 114,762 lb-ft = 0.128 Amperes = 214 
JOS 214 xX 1 


2S |) 4 (2202 X 1,600,000 X 52.1 X 0.872 X TE 
32.2 X 114,762 


= 214 X 0.8 = 64 amp 
Max current = 214 + 64 = 278 amp 
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CONCLUSION 


The foregoing equations provide useful correlation 
of the motor slip, WR? of flywheel, frequency of 
disturbance, and peak current drawn from line, and 
are of importance for prediction of the performance 
of a proposed drive, especially with regard to the 
peak current and consequently noise emitted by 
motor in compressor drives and rolling mills. 


A Sequence Relay 
for Network Protectors 


Successful operating experience has been 
obtained with a phase sequence relay for 
operating protectors on low voltage a-c 
distribution networks. Unnecessary oper- 
ations of protectors are shown to have been 
practically eliminated by the use of this 
sequence relay. The design of these relays 
and operating experience obtained with 
them are described in this article, which is a 
companion article to that by H. R. Searing 
and R. E. Powers in this issue. 


By 
H. S. ORCUTT 


ASSOCIATE A.1.E.E. 


M. A. BOSTWICK 


NON-MEMBER 


The United Elec. Lt. and 
Pwr. Co., New York, N, Y. 


Westinghouse Elec. and 
Mfg. Co., Newark, N. J. 


| ee on many low-voltage 
distribution networks of today operate needlessly 
several thousands of times each year due to current 
reversals caused by regenerative loads and difference 
in loading at various points in the network. Such 
reversals can be permitted without tripping the 
protectors and yet maintain a desirable selective 
tripping characteristic by use of the phase sequence 
scheme of relaying described in the companion ar- 
ticle “Sequence Principles Used for Network Re- 
laying.’”’ This scheme makes use of the fact that 
practically all power reversals, other than fault 
conditions, are inherently balanced and that opera- 
tion of a directional relay can be initiated easily by 


Essentially full text of ‘‘A Sequence Relay for Network Protectors” (No. 33-17) 
presented at the A.I.E.E. winter convention, New York, N. Y., Jan. 23-27, 1933. 
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simple switching operations which draw negative 
phase sequence currents from the network. 

The sequence relay which has been designed in ac- 
cordance with the theory given in the companion 
paper, and described in this paper, performs the 
dual function of phasing and tripping. Its operating 
characteristics, as shown in Fig. 1, in general are 


Fig. 1. Operat- 
ing characteristics 
of the phase se- 
quence relay for 
network _ protec- 


tors, assuming = ae 
balanced 3-phase OSsno Sh 
conditions and cn eS oee 
1,600-amp = cur- 


rents transformers 
having a 1,600/5 


ratio 


suited to application on low voltage distribution 
systems. 


CONSTRUCTION 


Structurally the sequence relay consists of a single 
induction-disk directional element and 2 overcurrent 
elements, energized through suitable current and 
voltage filters. The relay, with the exception of 2 
resistors and a phasing lamp, is mounted within a 
standard network relay case as shown in Fig. 2. 
The schematic diagram, Fig. 3, indicates the various 
elements of the relay and the circuits employed. 
The control circuit, which is not shown, is energized 
through contacts on the directional element. 


POTENTIAL FILTER 


The potential filter consists of an autotransformer 
and a reactor, mounted in the base of the relay, and 
an external resistor. Composite diagrams, Figs. 
4, 5, and 6, illustrate the operation of this filter 
under balanced and unbalanced conditions, and 
show that the relay voltage obtained is proportional 
to the positive phase sequence voltage of the system 
and removed from it by a constant angle. 

The reactor-resistor combination, connected across 
FE, in Figs. 4, 5, and 6, has an impedance angle of 60 
deg. The autotransformer is tapped at approxi- 
mately its mid-point. It will be noted that the open 
circuit relay voltage obtained, Ep, is equal to the 
vector sum of the voltage rise through the resistor 
and the induced voltage in the autotransformer. It 
is proportional to the positive phase sequence vol- 
tage L of the distribution network and leads it by 
120 deg. 

The magnitude of the open circuit relay voltage 
E, is determined by the ratio N of the external re- 
sistance to the sum of the external resistance plus the 
a-c resistance of the reactor. 
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R 


sit aetere Eat 
T ASG 


N Ex=NV3 5 


where 


R = external resistance 
ry = a-c resistance of the reactor 


The current in the potential circuit will lag the 
open circuit potential coil voltage by an angle that is. 
a function of the series impedance of the potential 
coil and voltage filter. 


Zr = equivalent impedance of voltage filter 


Zp = = (4-N45-V 80) 


Fig. 2. Se- 
quence relay for 
network  protec- 
tors, consisting 
of 3 elements and 
suitable current 
and voltage fil- 
ters, mounted 
within a standard 
network relay 
case 


For accurate measurements of positive phase se- 
quence voltages the resistance of the autotransformer 
winding must be kept relatively small. 


CURRENT FILTER 


The current filter illustrated in Fig. 7 consists of 
the current coil of the directional element and a con- 
tactor type positive phase sequence current relay 
connected in series Z;, a reactor Z, and a negative 
phase sequence current relay of contactor type Zs, 
all mounted within the main relay case. An external 
resistor Z, completes the bridge type filter. Four 
current transformers, cross connected, in Fig. 8, 
to eliminate zero phase sequence currents from the 
relay, are used to energize the current filter. Vector 
diagrams in Figs. 8, 9, and 10 indicate its operation 
under various conditions. 

The currents Iy and Iy from the cross-connected 
current transformers pass through the current filter 
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as indicated in Fig. 7. Current I, divides into equal 
parts (Jy and Jy) separated by a phase angle of 
60 deg as shown in Figs. 8, 9, and 10. Current I, 
divides in a similar manner into J, and J,. 

The positive phase sequence vector diagram illus- 
trated in Fig. 8 shows the currents through Z, 
(Ix and J,) adding to give a positive phase sequence 
relay current J, equal to the 1/3 times the positive 
phase sequence current of the distribution network, 
and leading it by 150 deg. The currents through the 
negative phase sequence relay Z;, (J, and I,) are 
equal and opposite and therefore cancel. 

In the negative phase sequence diagram, Fig. 9, 
which illustrates conditions obtained when phases B 
and C are interchanged, the current vectors J, 
and Jy which pass through the positive phase se- 
quence relay cancel. Current vectors Jy, and I, 
which pass through the negative phase sequence 


relay add up to equal the 1/3 times the negative 
phase sequence current of the system. 

Inspection of the unbalanced current vectors in 
Fig. 10 again shows the positive phase sequence relay 


current to be the 1/3 times the positive phase se- 
quence current in the system and leading it by 150 
deg. The negative phase sequence current present 
in the system condition illustrated also is shown. 
As only positive phase sequence current is used in 
the directional element of the relay, we are not in- 
terested in the phase position of the negative phase 
sequence current. 

Addition of current and voltage vectors represent- 


aN 
‘ BREAKER CONTACTS 
é — 


xe, +a 


FEEDER 
NETWORK 


PALLET SWITCH CLOSED | 
HEN PROTECTOR IS OPEN 


PALLET SWITCH CLOSED 
DIRECTIONAL ELEMENT WHEN PROTECTOR IS 
OPEN 


4#— NEGATIVE pee 


Ea RELA 
E Eb 


Fig. 3. Schematic diagram of a sequence relay for 
distribution networks 


ing these unbalanced systems, chosen at random, in- 
dicate, as has been proved mathematically in other 
papers, that these filters will produce currents and 
voltages that are proportional to the positive or 
negative phase sequence quantities existing in the 
system from which they are energized. The series 
impedance of the voltage filter and potential coil is 
designed so that these elements can be combined to 
obtain the sensitive watt characteristic needed in the 
directional element. 

The dual sensitive, non-sensitive relay characteris- 
tic is obtained by the combined operation of the di- 
rectional element and overcurrent elements. Paral- 
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lel connection of the positive and negative phase se- 
quence current element contacts in the potential coil 
circuit serves to deénergize the potential coil during 
normal conditions. Operation of the directional 
element for the tripping function is initiated by ac- 
tion of either or both of the overcurrent elements. 
A short time delay is obtained between closure of 
the current element and directional element con- 
tacts, since this contact is held open by spring ten- 
sion. This interval need be no greater than the 
operating time of present network relays, yet serves 
to prevent tripping the protector by sudden applica- 
tions of load on the secondary network. 

By setting the positive phase sequence element to 
pick up at currents up to 100 per cent of protector 
rating, balanced power reversals of that magnitude 
can be permitted. Negative phase sequence current 
settings are made relatively low so that sensitive 
operation of the directional element can be initiated 
by small magnitudes of negative phase sequence 
current. 

It is of importance to note that sensitive operation 
of this relay may be obtained at all times by perma- 
nently closing the contacts of either or both current 
elements, if the insensitive reverse current character- 
istic is not needed and a negative phase sequence cur- 
rent source is not readily available. When this is 
done, the relay functions as a sensitive positive phase 
sequence directional element and can be used to re- 
place the present sensitive relay. 

In order to obtain a clear picture of the relay opera- 
tion, it may be assumed that balanced 3-phase 
power is being fed in the reverse direction through the 
protector. All pallet switches in Fig. 3 are open 
since the protector is closed. The potential coil of 
the directional element is deénergized and the relay 
trip contacts are held open by spring tension, as 
negative phase sequence current is not present and 
the positive phase sequence current is not of sufficient 
magnitude to close the current element contacts. 
Now assume an assymetrical fault in the network, 
similar to that shown in Figs. 6 and 10. The mo- 
ment the fault occurs, positive and negative phase 
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Figs. 4, 5, and 6. Diagrams of positive phase 
sequence voltage (left), negative phase sequence 
voltage (middle), and unbalanced voltage (right) 


sequence currents appear in sufficient magnitude to 
close the sequence element contacts, energizing the 
potential coil. Since the fault is in the network the 
directional element tends to swing its contacts 
toward the closed position and tripping of the protec- 
tor is thus prevented. Had the fault occurred in the 
feeder cables, operation would have been the same 
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except the relay contacts would have swung from the 
closed to. the trip position and opened the protector. 


PHASING CIRCUIT 


The phasing characteristic illustrated in Fig. 1 will 
prevent pumping of non-sensitive relays on low 
voltage distribution networks and is sufficiently limit- 
ing in its operating range to be satisfactory for many 
sensitive relay applications. In addition to check- 
ing the magnitude and phase position of the feeder 
voltage, the relay will not close if any of the feeder 
cables are interchanged and energized. 

The phasing circuit consists of 2 separate coils of 
high impedance mounted separately over the direc- 
tional element current coils. One coil is connected 
in series with a saturating reactor and capacitor 
across the circuit breaker contacts in phase B. This 
circuit is near resonance during normal conditions to 
provide ample torque for low phasing voltages. The 
second coil is connected across the phase C breaker 
contacts in series with a tapped reactor and a phasing 
lamp. The phase angles of these circuits are such 
that the currents in the 2 circuits are approximately 
180 deg out of phase under normal voltage conditions. 
The resulting field of flux is as in a conventional cir- 
cuit. When excited with high voltages, as encoun- 
tered during cross phase conditions, the impedances 
increase to limit the current, and phase angles change 
so as to obtain opening torque and prevent damaging 
the protector by faulty closing. Vector diagram, 
Fig. 11, illustrates the operation of this circuit. 

The tap on the phase C reactor serves to shift the 
relay closing curve, as indicated in Fig. 1, to prevent 
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pumping if the system impedance angle will not per- 
mit use of the lagging closing curve. 


OPERATING EXPERIENCE 


Ten experimental relays, with the current element 
contacts connected directly in the trip circuit rather 
than in the potential coil circuit as just described, 
were mounted on 500-amp network protectors and in- 
stalled on a 13.8-kv feeder of the United Electric 
Light & Power Company’s system, April 11, 1931. 
All transformer banks connected to the feeder, which 
was 2.8 miles long, were of 150-kva rated capacity. 
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A general ccmparison of the operations of network 
protectors equipped with these sequence relays with 
the operations of protectors equipped with standard 
insensitive network relays installed previously at the 
same locations showed that the operations were re- 
duced on the average only 40 per cent. 

On blocking open the negative phase sequence cur- 
rent element contacts, it was found that further re- 
ductions in operations on the average of 90 per cent 
were obtained. The settings of negative phase se- 
quence current elements were subsequently increased 
from 5 per cent of the protector rating to 8 per cent. 
The positive phase sequence current element setting 
at 50 per cent of the protector rating was not changed. 
While an improvement in the operation of the relays 
was affected, the results were not satisfactory. 

From observations made, it was found that the 
current elements were causing the protectors to trip 
on suddenly applied secondary loads when the direc- 
tional element trip contacts were held closed by 
power reversals. It should be remembered that the 
contacts of the current elements, in these experi- 
mental relays, were in series with the “‘trip’’ contacts 
of the directional element. Thus on the occurrence 
of an unbalanced secondary load, the negative phase 
sequence current element picked up, and since the 
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Figs. 8, 9, and 10. Diagrams of positive phase 
sequence current (left), negative phase sequence 
current (middle), and unbalanced current (right) 


directional element “‘trip’’ contacts were closed by 
the reverse power flow, the protector opened. The 


current elements, which are practically instanta-_ 


neous, picked up before the directional element, 
which tended to close on the secondary load had time 
to open its ‘‘trip’’ contacts, thus completed the trip- 
circuit. Large unbalanced secondary loads suddenly 
applied produced similar operations with the positive 
phase sequence current element picking up. 

To remedy this condition, the contacts of the cur- 
rent elements of the 10 sequence relays were con- 
nected in series with the potential coil of the direc- 
tional element as shown in Fig. 3. With this ar- 
rangement, the directional element ‘‘trip’’ contacts 
were normally opened and thus when either of the 
current elements picked up on a secondary load, the 
“trip” circuit could not be completed, as the disk of 
the directional element tended to rotate further in the 
‘close’ direction. 

The network protectors equipped with these ex- 
perimental sequence relays have been used at several 
other locations, since their initial installation, in 
order to obtain operating experience under all possi- 
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Table I—Operating Record of Protectors 


Total Average 
Feeder Period Operations Operations 

Voltage (Kv) (Days) for Period per Day 
STO or neo. susarvadt DOD Glos cgurvuernarars OU he eee ee 0.08 
Wb Sierreeres sera VSD vere cent seas OY ee eyed a eens 0.50 
US Si ahecla lic easels a Seino, ce euCaRER Seo LO Reirk Set Ge ay: 0.06 
UBS enemies sasuke iD ener thse Aoials SAA aaa ye tate see 0.14 
TE a Sick eRe ee pI. ey eae ae Raed DOT rarer ett 1.70 
TR SEte ego teace eee Caen AGS schaneetaonds days DBO sated hisses 0.12 
ARS SA elles AIRS, Cee VOB eee cess sates AOL ante de ast: 0.50 
Leen Roe acre ZOD hee cede neue fedora te cere 0.03 

Bie! Olde oval ogaraners 6 DOs ee vevoteve Bleak NU ee cs, acres 0.006 


*Graphic meter records have shown that frequent power reversals of long dura- 
tion occurred at this location. Current magnitudes in excess of the relay set- 
tings caused the large number of operations noted. These operations have 
been practically eliminated by readjusting the current elements so that they 
do not pick up on the current magnitudes normally encountered at this location. 


ble system conditions. Locations were selected 
where frequent and large reversals of power occurred 
due to elevator regeneration or other conditions. 
Satisfactory operation of all protectors was experi- 
enced at every location. 

The operating record of the protectors in service 
at the end of 1932 is tabulated in Table I. The list 


includes all operations due to cable faults, interrup- 


tion of the feeder at its source, and power reversals 
in excess of relay settings. 

Twenty-nine faults have been experienced on feed- 
ers on which network protectors equipped with se- 
quence relays were installed. The operation of the 
sequence relays on each fault was correct. Subse- 
quently, several 1,600-amp and 3,000-amp network 
protectors equipped with sequence relays were in- 
stalled. 


TESTS 


Several tests were made to determine the ease with 
which the 10 protectors equipped with sequence re- 
lays could be opened after deénergizing the 13.8-kv 
feeder at the power station. These tests were made 
on the initial installation when all protectors were 
connected on one feeder. 

Two methods of creating a negative phase sequence 
current were used: 


1. A single-phase load on the secondary side of one distribution 
transformer bank. 


2. Grounding one conductor of the 13.8-kv feeder at the station 
which causes an unbalance in the charging current. 


Using a load connected from C phase to ground on 
the secondary side of 150-kva distribution trans- 
former bank, it was found that a load of approxi- 
mately 500 amp at 85 deg, or 5.2 kw, was required to 
open the 10 protectors on the feeder. Inspection 
made after the station breaker was opened but before 
the secondary load was applied showed that no pro- 
tectors opened previous to applying the load. At 
the time of the above test, the negative phase se- 
quence current relays were set to pick up at approxi- 
mately 5 per cent of the protector rating and the 
positive phase sequence current relays were set to 
pick up at 30 per cent. 

Toopen10 500 amp network protectors equipped 
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with the standard network relays set 30 per cent in- 
sensitive would require a load of 540 kw. 

With the protectors originally closed and the sta- 
tion breaker open, all protectors tripped when a 
ground was applied to the A phase of the 13.8-kv 
feeder at the generating station. 

Repeating the test with all protectors blocked 
closed, the negative phase sequence current was 
measured at one location. It was found to be only 
2.9 per cent of the protector rating instead of the 5 
per cent required to operate the negative sequence 
current relay. Further tests indicated that a few 
protectors were tripped during the preceding test, 
by power exchanges through the feeder between 
portions of the network which were not connected 
on the low voltage side at that time. The remain- 
ing protectors cascaded open. 

By switching operations at the generating station, 
5 more miles of 13.8-kv cable were added to the 
feeder without increasing the connected transformer 
capacity. 

After blocking the protectors closed and grounding 
the A phase of this longer feeder, the negative phase 


Fig. 11. Operating characteristics 
of the separate phasing coil circuits 


Closing torque is developed within a 
given circuit when the associated feeder 
voltage terminates within its closing 
area. The resultant torque is always in 
the “opening” direction when feeder 
cables have been incorrectly connected 
as indicated below: 


DELTA-STAR SYSTEMS 


Feeder Feeder voltage 

cables Direction of torque 
intcremEDl OOM Ec cOn 

changed from from Phase B Phase C 

aanc) Opes Edna ECAa Ee Strong open.....Strong open 

DiancichaNec ae Eb,.....Light closing. .. .Strong open 

&) Glatehieh 5 oc leets o ws clBAkie 6 eo Strong open.....Fair closing 


With all cables rotated 120 deg or 240 deg both phases will 
produce opening torque. 

If feeder voltage Ea = O, the protector cannot close as the 
control circuit is connected across phase A-C. 


STAR-STAR SYSTEMS 


When any 2 feeder cables, other than phase a and ground, are 
interchanged and when all cables are rotated 120 deg in either 
direction, opening torques will be developed in the relay. 
When phase @ and ground cables are interchanged, the low 
control voltage obtained prevents closing of the protector 


sequence current was again measured at the above 
mentioned location and was found to be 8 per cent of 
the protector rating, which was ample to operate all 
negative phase sequence current relays. 

Back feed tests on the long 13.8-kv feeder showed 
that all protectors other than those feeding back re- 
mained open and the relays had strong opening 
torques. Transformer voltages on some protectors 
as high as 133 volts were obtained during this test. 

Complete laboratory tests and operating experi- 
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ence have shown that needless protector operations 
are practically eliminated by use of this relay. De- 
creased likelihood of light flicker and reduced wear 
on the protector result from keeping protectors 
closed a greater proportion of time than heretofore. 
Load-back methods of clearing feeders, equipped with 


Sequence Principles 
fo Network Relaying 


for 


The application of phase sequence prin- 
ciples to the relaying of low voltage a-c dis- 
tribution networks is described in this ar- 
ticle, which is a companion article to that 
by H. S. Orcutt and M. A. Bostwick in 
this issue. The fundamental principles 
upon which this type of relaying operates 
are presented herewith. 


By 

H. R. SEARING N. Y. Edison Co., and United Elec. 
FELLOW A.1.E.E. Lt. and Pwr. Co., New York, N. Y. 
R. E. POWERS Westinghouse Elec. and Mfg. 


ASSOCIATE A.1.E.E. Co., E. Pittsburgh, Pe. 


A, IMPROVED network relay- 
ing system has been developed utilizing a conven- 
tional single-phase relaying element and contactor 
type overcurrent elements excited by symmetrical 
phase sequence components to represent completely 
power flow conditions and control protector opera- 
tion on a 3-phase 4-wire secondary network system. 
The principal problem that has arisen from the de- 
velopment of the low voltage a-c network with 
multiple supplies from several sources is that of pre- 
venting the excessive number of network protector 
operations that result from power interchanges be- 
tween feeders through the network. In an en- 
deavor to produce a network relaying system 
that would meet the requirements of the original 
relay specifications and in addition permit the flow of 
reverse energy encountered in normal operation, 
phase sequence currents and voltages have been 
utilized in the new network relaying system. These 
single-phase symmetrical components of current 


Essentially full text of “Application of Phase Sequence Principles to Relaying of 
Low-Voltage Secondary Networks” (No. 33-16) presented at the A.I.E.E. winter 
convention, New York, N. Y., Jan. 23-27, 1933. 
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insensitive relays, and the resulting disturbances in 
the network also are avoided. These advantages 
have been obtained in a single relay, without sacri- 
ficing the accurate phasing and tripping characteris- 
tics now considered essential to the successful opera- 
tion of the network protectors. 


and voltage replace the 3 line-to-neutral voltages 
and phase currents ordinarily used and completely 
indicate power flow conditions. 

Symmetrical component quantities may be con- 
sidered as the mathematician’s conception of a poly- 
phase system; however, the quantities concerned 
are real, not imaginary, and are amenable to actual 
measurement. Phase sequence segregating filters 
have been developed permitting the isolation of any 
or all of the phase sequence currents and voltages, 
and may be applied to conventional elements to 
secure metering or relaying functions in response to 
changes in sequence quantities. 


NETWORK RELAY REQUIREMENTS 


A review of network relay requirements, embracing 
application to systems employing low voltage and 
high voltage feeders from segregated substations 
and generating sources, feeding into a general net- 
work supplemented by spot networks, indicates the 
necessity for: 


1. A master directional element to indicate direction of power flow. 
2. Phasing features to control protector closing. 


3. Selective tripping features in the relaying system to prevent 
opening of the protector upon reversal of energy through the switch 
during normal system operation with the feeder breaker connected 
to the source. 


4. Sensitive tripping when the feeder is disconnected by the open- 
ing of the generating or substation breaker. 


These requirements are fulfilled by the new relay 
system. 

The master directional element consists of a single- 
phase watt relay operating on positive phase sequence 
voltage and current. This element is responsive to 
the direction of flow of positive phase sequence 
power under all conditions (Fig. 1). To be generally 
satisfactory from the standpoint of performing the 
phasing features the relay must: 


1. Check phase sequence. 
2. Check any interchange of phase wires on the supply feeder. 


3. Connect the protector to the grid only when power will be fed 
from the feeder into the network. 


4, Prevent any ‘“‘pumping”’ of protectors, when the supply breaker 
is open and a defective unit remains in the closed position, thus 
energizing the feeder from the network. 


5. Permit closing on a dead network. 


OBTAINING PHASING CHARACTERISTICS 


Phasing is accomplished in the new relay by the 
use of voltage segregating filters and auxiliary wind- 
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ings on the watt relay used as a master directional 
element. 

A voltage segregating filter of the positive phase se- 
quence type when connected to a system of phase se- 
quence abc delivers at its output terminals a voltage 
proportional, under all conditions, to the positive 
phase sequence voltage. If the supply voltage is 
balanced, the output of the network will be pro- 
portional to and bear a definite phase relationship to 
the line to neutral voltage. If for any reason, 2 
phases are interchanged the supply system phase 
sequence (order of appearance of maximums) is 
changed from abc to acb and when impressed on a 
sequence segregating voltage filter designed to de- 
liver positive phase sequence voltage with normal 
phase sequence abc the output of the network will be 
zero, if the supply is balanced. During phasing 
periods experience and test have shown that balanced 
voltage conditions exist on incoming feeder circuits 
although phase sequence may be incorrect. Certain 
progressive interchange of leads on the supply circuit 
gives rise to proper phase sequence abc but rotated 
120 deg or 240 deg in the counter-clockwise direction 
with respect to normal network voltage. Under 
this condition the output of the network is normal but 
rotated 120 deg or 240 deg, respectively. 

The fundamental characteristics of voltage se- 
quence segregating filters in response to changes in 
phase sequence, polarity reversals, and phase ad- 
vancement disclose the possibility of using phase 
sequence quantities to accomplish phasing functions. 
Obviously, single-phase representation of the selected 
quantity may be employed thus permitting the use 
of a single-phase relay to represent a polyphase sys- 
tem adequately. 

Drawing on the experience gained with the present 
protector relaying scheme, it has been demonstrated 
that the phasing characteristics can be secured by 
adding to the upper or current poles of the watt type 
relay, phasing windings excited by voltage across the 
open switch. The potential or lower pole of the relay 
is excited by voltage from the secondary network. 
The network voltage is chosen as reference point as it 
is necessary to check the incoming feeder voltage in 
magnitude, phase position and sequence against that 
of the network, to insure proper operation. 

Following the conventional design of relay ele- 
ments ‘“‘watt”’ and “‘phasing”’ characteristics can be 
secured on a single-element relay (see Fig. 2) by the 
use of: 


1. Positive phase sequence voltage and current for watt indication. 


2. Network positive phase sequence voltage and the difference 
between network positive phase sequence voltage and incoming 
feeder positive phase sequence voltage (difference positive phase 
sequence voltage across the open protector) to perform phasing 
functions. 


The combined phasing characteristic of the present 
CN-3 master relay and the CNA phasing relay is 
shown in Fig. 3, indicating that protector closure 
can occur only in a rather limited range due to the 
combined phasing features of both relays. 

In utilizing phase sequence quantities to develop a 
relay with settings 10 to 100 per cent of transformer 
rating, it is not necessary to confine the “‘closing re- 
gion” to the limited range employed in the present 
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standard equipment but it may be extended to em- 
brace leading voltages lower in magnitude than the 
network voltage. In actual practise these voltages 
occur very infrequently as incoming feeder voltage 
is high and leading, not low and leading. 

To prevent “pumping” of protectors on systems 
employing high voltage underground feeders the 
phasing characteristics must be such that the relay 
contacts will not close when the incoming voltage 
is high and lagging indicating a ‘‘closed’’ protector 
exciting the capacitance of the cable from the net- 
work, with consequent voltage rise across the 
secondary mesh and network transformer. Mathe- 
matical analysis, field tests, and a check on the 
performance of existing relays indicate that to avoid 
pumping conditions the closing characteristic of the 
network relay as a phasing device, must be rotated 
through approximately 60 to 70 deg from the hori- 
zontal, as shown in Fig. 4. While linear closing 
characteristic of this nature would be excellent for a 
non-sensitive type relay, a study of Fig. 4 will show 
that the linear characteristic intersects the voltage 
Fc; and would permit protector closure due to cyclic 
rotation of conductors that produced normal phase 
sequence abc but advanced counter-clockwise 120 
deg with respect to the reference or secondary net- 
work voltage. 

The phasing voltages encountered in normal sys- 
tem operation are relatively small, having a magni- 
tude of only a few volts. Under the conditions 
outlined above, the phasing voltage would approxi- 
mate in magnitude the line-to-line voltages E,, 
Fig. 4, which is many times the normal phasing 
voltage. It is desirable to have the phasing char- 
acteristic linear in the range of normal phasing 
voltages, but to deviate therefrom at higher values 
so as to avoid possible improper operation, under 
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WATT AND PHASING ELEMENT 


POSITIVE PHASE SEQUENCE 
WATT-TYPE RELAY 


Fig. 1 (left). Master directional element of se- 
quence relay 
Fig. 2 (right). Diagram showing method of securing 


watt and phasing characteristics on the main element 


certain system conditions that are a function of sys- 
tem repair and extension involving the human ele- 
ment. 

It is recognized that the slope of the closing charac- 
teristic may be changed by governing the relation- 
ships between the flux on the upper and lower pole 
of the relay, for any one given condition. This can 
be accomplished by changing the phase angle of the 
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phasing current with respect to the phasing voltage. 
Any factor that decreases the phase angle of current 
to voltage in the phasing circuit rotates the closing 
characteristic in a clockwise direction. But it 1s 
necessary to have the closing characteristic in the 
vicinity of the normal value of reference voltage ap- 
proximately 60 to 70 deg from the horizontal to pre- 
vent pumping; therefore, the normal angle of cur- 
rent to voltage is set by that requirement. How- 
ever, the range of phasing voltages is very large and 
devices can be added to the phasing circuit, of the 
saturating type or of the form that produces resist- 
ance changes with current flow such as the conven- 
tional phasing lamp. With normal phasing voltages 
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Figs. 3 (left) and 4 (right). Phasing and closing 
characteristics of sequence relay 


saturation effects and resistance changes do not oc- 
cur and the phasing characteristic is linear. With 
increasing phasing voltages these changes occur and 
the ratio of reactance to resistance varies, resulting 
in change in the angle between phasing coil currents 
and voltage, causing a deviation from a straight line 
in the phasing characteristic as shown dotted in 
Fig. 4. The changing characteristics of the phasing 
circuit, with increased phasing voltages must be 
such that the characteristic curve does not intersect 
a voltage vector of normal magnitude rotated 120 
deg counter-clockwise to prevent false closure in 
event of accidental cyclic rotation of conductors 
during cable splicing producing a 120 deg shift of 
positive phase sequence voltage. The changing 
characteristics on the upper part of the phasing 
curve encroaches upon the possible range of back 
feed voltages existing due to a single ‘“‘closed” pro- 
tector on systems supplied by underground high 
voltage cables. Analytical work and field tests 
indicate that the proposed curve is sufficiently 
broad in its characteristics to perform satisfactorily 
on existing and proposed systems employing 13-kv 
and 27-kv feeder circuits. 


OBTAINING SELECTIVE AND SENSITIVE TRIPPING 


Selective and sensitive tripping is obtained by the 
combined operation of the master directional element 
and current magnitude relays. Selective tripping 
refers to relay operation with balanced reverse power 
flow and would be above the range produced by the 
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inherent system conditions during normal operations. — 
This feature reproduces the results obtained from 
present network relays when increased reverse power 
settings are used. ; 

The current magnitude relay used for selective 
tripping is a simple single-phase contactor type re- 
lay energized by positive phase sequence current. 
When positive phase sequence current of sufficient 
magnitude has closed the contacts of this relay, the 
potential coil of the master directional relay is ener- 
gized and tripping of the protector occurs if the — 
power flow is from the network to the feeder. _ 

Sensitive tripping refers to relay operation at times 
when the supply breaker is open. A current mag- 
nitude relay energized by the negative phase se- 
quence component of the line current and operating 
in a manner similar to the relay used for selective 
tripping provides for sensitive tripping. A current 
segregating filter provides the symmetrical com- 
ponents of line current. 

Negative phase sequence current does not exist in a 
perfectly balanced polyphase system. In the prac- 
tical low voltage network system under normal opera- 
tion negative phase sequence current exists only in 
very minor quantities. However, every unbalanced 
load or fault acts as a source of negative phase 
sequence voltage and current transforming or con- 
verting from positive phase to negative phase se- 
quence order. The same considerations apply to 
zero sequence quantities if the system or mesh is 
grounded. We thus have a quantity which is ab- 
sent normally but is available under abnormal con- _ 
ditions to provide a discriminating means whereby 
tripping functions may be initiated. Therefore, © 
if the selective tripping combination is supplemented ~ 
by a negative phase sequence overcurrent relay, 
tripping of the protector can be limited to fault or 
reverse unbalanced conditions on the high voltage 
feeder. 

The appearance of negative phase sequence cur- 
rent, at a time when positive phase sequence power is 
from the grid to the feeder, indicates abnormal con- 
ditions such as a primary fault or primary load un- 
balance and warrants protector opening. The nega- 
tive phase sequence current element can be set at 
low values since only small quantities of negative 
phase sequence current are normally present in the 
system. 

Since the sensitive tripping arrangement provides 
for clearing the protector in case of faults, it would 
appear that the selective tripping feature is unneces- 
sary except for the condition of a 3-phase balanced 
feeder fault or to avoid damage to individual pro- 
tectors from over-loading during abnormal system 
conditions not identified with any particular feeder. 
Field experience may show that the selective tripping 
arrangement can be eliminated. 


CLEARING PROTECTORS FOR INSPECTION 


While tripping functions therefore are provided 
for all types of primary faults and eliminated for all 
secondary faults, provision must be made for clearing 
of the protectors for inspection or construction pur- 
poses. This is accomplished by providing a source 
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of negative phase sequence current. A small in- 
duction-synchicnous motor-generator set arranged 
as in Fig. 5 and connected to the feeder at the gener- 
ating source after opening the feeder breaker may 
be used. The voltage required will be relatively 
low as only small values of negative phase sequence 
current are required and the impedance to the flow 
of negative phase sequence current is the short- 
circuit impedance of the negative phase sequence 
mesh. Thus the kilovoltampere capacity of equip- 
ment required and the current flow during operation 
will be so low that voltage disturbance will not result 
on the secondary network. 

In stations equipped with ground and test bus, the 
motor-generator set can be connected to it through 
suitable transformers and without starting appara- 
tus. 

The majority of transformers used in network dis- 
tribution are delta connected on the primary wind- 
ing, and the neutral of the feeder circuit usually is 
established at the generating station. Upon open- 
ing of the feeder breaker the feeder circuit is un- 
grounded and negative phase sequence current can 
be produced by earthing one conductor of the delta 
connected circuit, which effectively short-circuits 
out the capacitance of that conductor and increases 
the voltage on the capacitance to ground of the other 
conductors. This is equivalent to loading of 2 
phases only,thus creating a load unbalance and giving 
rise to negative sequence current. The magnitude 
of current will depend upon capacitance and thus 
upon the type, length, and voltage of the circuit in- 
volved. Higher-voltage underground cable circuits, 
13 kv and above, will be most effective in producing 
negative sequence current when one conductor is 
earthed. 

Any type of apparatus that places an unbalanced 
load between phases produces negative sequence 
current and any simple loading device can be em- 
ployed. Phase-to-phase loading is preferable to 
phase-to-ground loading. Apparatus for the genera- 
tion of negative phase sequence current may be 
located in the high voltage circuit at the generating 
station or in the low voltage network on the trans- 
former side of a single protector per feeder. 


COMBINATION. SEQUENCE SEGREGATING FILTER 


The determination of a given phase sequence cur- 
rent requires that the remaining 2 current com- 
ponents be eliminated, that is, not passed through the 
meter element. In 3-phase ungrounded operation, 
zero phase sequence currents are not present and are 
automatically eliminated. In grounded neutral sys- 
tems zero phase sequence current is present and 
means must be provided to eliminate the possibility 
of its appearance in the relay element. 

Fundamentally, zero sequence currents in the 3 line 
conductors are equal and in phase. If cross-con- 
nected current transformers are used, as shown in 
Fig. 6, for the supply to a sequence segregating filter, 
the output of the 2 current transformers will not 
contain zero sequence currents. Inasmuch as the 
output of the 2 current transformers is the difference 
between the 2 phase currents the zero phase sequence 
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current is automatically canceled and the output 
contains only positive and negative phase sequence 
current. 

Equations may be derived which show that a cur- 
rent proportional to positive or negative phase se- 
quence current can be secured by adding suitable 
components of current JA’ and IC’ (see Fig.~6) 
and passing the resultant through a suitable meter- 
ing element. Inasmuch as only fractional portions 
of the A’ and C’ currents are added to produce either 
positive or negative phase sequence currents it is 
obvious that parallel branch or bridge type filters 
are required. Such a filter is shown in Fig. 6. 

A combination filter is thus produced that permits 
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Fig. 5 (left). (Connections of a small induction- 
synchronous motor-generator set used as a source of 
negative phase sequence current 


Fig. 6 (right). Combination current filter to indicate 
positive and negative phase sequence currents 


simultaneous indication of currents proportional to 
positive and negative sequence currents in the leads 
of the supply circuits. The elements P and NV may 
be any form of relaying or indicating apparatus pro- 
viding the fundamental relationship of Z, + Z, = 
(R + Z,)e’ is maintained. The magnitude of 
positive or negative phase sequence current indi- 
cated in branches P and JN, respectively, is 1/3 times 
the actual sequence component in the line conductor 
and is displaced by 150 or 30 deg depending upon 
physical connections. In relaying or metering cir- 
cuits both magnitude and angular relationship must 
be properly related to secure proper indications. 

Network relays designed in accordance with the 
general theory described in this article have been 
constructed and are now in operation on the system 
of the United Electric Light and Power Company 
in New York City. The satisfactory performance 
of the relays in the most severe type of service that 
could be selected within the system, indicates the 
adequacy of the fundamental principles and sub- 
sequent relay design. The general features of relay 
design and operating experience are outlined in the 
companion article ‘““A Sequence Relay for Network 
Protectors.” 
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Automatic 
Train Control 


i aes CONTROL systems which 
automatically limit railway trains to prearranged 
speeds, and which are operated by conditions exist- 
ing on the track ahead of the train, have been in- 
stalled on many railroads in the last few years. 
The systems used are of 2 general types, the inter- 
mittent type and the continuous type. Brief de- 
scriptions of these systems are given in the 3 sec- 
tions of the article presented herewith. The first 
section presents a general description of the 2 types 
of automatic train control, particularly as applied 
by the Illinois Central Railroad Company. The 
second section contains details of the intermittent 
type of control applied by the Baltimore and Ohio 
Railroad Company; and the third section is a brief 
description of the 2 forms of the continuous type of 
control applied by the Reading Company. 


I—Two Types of 


Automatic Train Control 


A general description of automatic train control 
including the salient features of the 2 general types 
of control most frequently used is given in the follow- 
ing excerpts from “‘Railroad Signaling and Train Con- 
trol” by R. B. Amsden and W. M. Vandersluis, 
both of the Illinois Central Railroad Company, 
Chicago, IIl.: 

Every successful scheme of automatically apply- 
ing the brakes to stop or control the speed of a train 
is based upon the fact that opening of the air brake 
pipe line results in application of the brakes. Two 
orders of the Interstate Commerce Commission, 
issued June 13, 1922 and January 14, 1924, respec- 
tively, and subsequently modified so that an engine- 
man, if alert, may forestall the brake application 
and proceed without stopping, required certain rail- 
roads to select and install the type which each con- 
sidered most suitable for its particular conditions, 
in accordance with specifications and requirements 
prescribed by the commission. 

Every type of train control device requires a road- 
side element designed to coact with an engine- 
carried element so as to transmit to the locomotive 
the conditions existing on the track as would be 
indicated by a modern automatic signal system. 
After the information is conveyed to the engineman, 
it may be used either to apply the brakes or to 


From “Railroad Signaling and Train Control’? (No. 33-8) presented at the 
A.I.E.E. winter convention, New York, N. Y., Jan. 23-27, 1933. Full text of 
that portion of the paper which describes automatic train control is presented 
herein. 
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indicate by means of a cab signal, visible or audible, 
the conditions which exist. The devices may be 
classified in 2 general groups, the intermittent and 
the continuous. The intermittent may be further 
subdivided into the contact type and the non-contact 
type. The contact type depends for its operation 
on a physical contact between the train element and 
the roadside element while the non-contact type de- 
pends on an electrical or magnetic impulse without 
physical contact between the train element and the 
roadside element. 

The trend has been decidedly toward the induc- 
tion type of equipment and no installations of the 
contact type have been made on any road except the 
3 which had such installations at the time the 
orders were issued. One of these subsequently 
changed to the induction type. 


INTERMITTENT SYSTEM 


The intermittent type of device receives its con- 
trol at certain fixed points along the roadside, usu- 
ally at or near a signal, and is incapable of reflecting 
any change in track conditions between any 2 of 
the indicating points. It is an adjunct to the auto- 
matic block signal system for the purpose of prevent- 
ing that class of accidents which are due to the 
failure of employees to observe, understand, or obey 
signal indications. Most of the intermittent induc- 
tion types in service employ an inert roadside element 
consisting of a laminated core upon which are 
mounted coils, the terminals of which are connected 
through a relay of the signal system. No energy is. 
required for the track element. 

The locomotive receiver carries 2 coils mounted on 
a laminated core, both of which are energized by 
direct current from the headlight generator. Asso- 
ciated with these are a number of circuits and relays 
on the locomotive which provide a means for produc- 
ing a brake application. In all the variations of this. 
type, the brake application is initiated by a sudden 
reduction of current flow in the main locomotive relay 
which is produced by the action of the receiver pass- 
ing over the track inductor when the circuit of that 
inductor is open through the roadside relay in the 
stop position. 


CONTINUOUS SYSTEM 


The basis of the continuous train control systems 
which have been developed, is the inductive fields 
produced by alternating current flowing in the rails. 
Collecting coils are mounted on the locomotive so as 
to move in the field produced around the rail. The 
current which is induced in these coils is transmitted 
to amplifying apparatus on the locomotive. The 
amplified current in turn controls the circuits that 
operate electropneumatic valves directly controlling 
the brakepipe pressure. Circuits also are provided 
for a visible cab signal which constantly shows the 
conditions of the track. Any change in conditions 
in a clear block, which calls for a reduction in speed, 
is immediately reflected by a corresponding indica- 
tion in the cab. The brakes also are applied unless 
properly forestalled by the engineman. Conversely, 
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a more favorable condition in a block is immediately 
transmitted to the engineman and the train does not 
have to move under restricted speed until the next 
signal is reached. 

The continuous type of device functions on a closed 
circuit, which is the basic principle of signaling, 
failure on any part causing a stop application. It 
may be used with or without permissive signals on the 
roadside, and 4 railroads are demonstrating the prac- 
ticability of operating without roadside permissive 
signals. The addition of a centrifugal governor, 
usually applied to the forward pony truck axle of the 
locomotive, provides for the automatic control of 
the train at the varying speeds required by different 
track conditions. 

Alternating current of 100-cycle frequency is 
favored for use in the rail circuits to avoid possible 
interference from commercial power sources. To 
provide 4 cab indications and maximum protection 
against inductive interference from other circuits, 
a specially designed code transmitter may be used in 
connection with the roadside apparatus, consisting 
of a constant speed induction motor geared to a 
shaft carrying ‘“‘coding’’ cams which operate contacts 
to interrupt the 100-cycle alternating current. Code 
frequencies of 80, 120, or 180 interruptions per 
minute for the approach, approach restricting, or 
clear indications, respectively, are impressed upon the 
track, depending upon the condition of the track in 
advance. The engine equipment is designed so as to 
respond only to the track current frequency when it is 
interrupted at the proper rate. Absence of current 
in the rails gives the stop indication. 

Operating officers and enginemen report the safety 
features in cab signaling, which make it independent 
of fogs, storms, or other obstructions to vision, as one 
of the greatest advantages of train control. 

The first orders of the commission having accom- 
plished their purpose of promoting extensive develop- 
ment of automatic train control, an order was issued 
on November 27, 1928, to the effect that the railroads 
would not be required by order to install any more 
train control at present but that they are “in no way 
relieved from the responsibility which rests upon 
them to provide additional protection when needed 
in territory now protected by automatic signals.” 
This leaves the roads free to use train control, cab 
signals, or such other means as they may see fit, to 
secure additional protection, particularly on dense 
traffic lines. 


II—Intermittent Type of 
Control on the B. &.O. 


A description of the intermittent type of auto- 
matic train control, known as the intermittent induc- 
tive auto-manual train stop system, is given in the 
following excerpts from ‘‘Centralized Traffic Control 


From ‘Centralized Traffic Control and Train Control of the Baltimore and 
Ohio Railroad’”’ (No. 33-9) presented at the A.I.E.E. winter convention, New 
York, N. Y., Jan. 23-27, 1933. Full text of that portion of the paper which de 
scribed automatic train control is presented herein, 
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and Train Control on the Baltimore and Ohio Rail- 
road” by J. H. Davis and G. H. Dryden, both of the 
Baltimore and Ohio Railroad Company, Baltimore, 
Md.: 

Orders of the Interstate Commerce Commission 
issued in 1922 and shortly thereafter required 47 rail- 
roads each to make an installation of automatic train 
control on 2 passenger locomotive divisions, and 47 


Fig. 1. 


Locomotive receiver over wayside inductor 


other railroads were required to install control on 1 
division, thus involving a total of 94 roads and 141 
passenger locomotive divisions. As The Baltimore 
and Ohio Railroad was affected by the commission’s 
order to the extent of 2 divisions, it became necessary 
to investigate the principal systems offered at this 
time and select the one best adapted to its require- 
ments. The territory first proposed and later ap- 
proved by the commission was from Baltimore, Md., 
to Washington, D. C. Although the distance be- 
tween these 2 cities is only 34.6 miles, yet due to the 
very heavy passenger traffic, it was thought that 
this territory would offer a severe and thorough test 
in performance and capacity for any system. 

It was essential that a system should be chosen 
which would not only meet the commission’s require- 
ments, but one which would not reduce the capacity 
of the line. After much detail study recommenda- 
tion was made that the “intermittent inductive auto- 
manual train stop system” be installed, not only 
between Baltimore and Washington but also be- 
tween Baltimore Md., and Philadelphia, Pa., a dis- 
tance of 92.5 miles, to meet the requirements in the 
second order of the Commission. 


DESCRIPTION OF THE SYSTEM 


This train stop system is superposed on the auto- 
matic block signal system. The block signal system 
makes use of the track rails in combination with re- 
lays and insulated joints dividing the trackway into 
blocks. A potential is impressed across the rails 
at the leaving end of the block, the rails 
being bonded into a conductively continuous circuit 
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to the entering end. A translating device such as a 
relay responding to low potentials is located at the 
entering end, and controls the indications of a way- 
side signal installed at that point. When the track 
rails are continuous and the trackway is unoccupied, 
the relay at the entering end of the block will be 
energized, thus transmitting such indication to the 
wayside signal, permitting an oncoming train to run 
with unlimited speed in so far as occupancy of the 
particular track is concerned. By overlapping the 
control, the signal indicates the condition of 2 succes- 
sive blocks. Thus if the 2 blocks ahead are clear the 
signal will show the indication “‘proceed with speed,” 
while if only one block in advance is clear, the indi- 
cation displayed is ‘‘prepare to stop at the next 
signal.” This indication is usually termed the cau- 
tion one. When the block immediately beyond a 
given wayside signal is occupied or its rails are 
broken or other hazardous conditions obtain therein, 
the signal at that location displays “‘stop and pro- 
ceed, prepared to stop on vision.’”’ The observance 
of these restrictive wayside signal indications is 
enforced by means of the auto-manual train stop 
system. 

The auto-manual train stop system consists of 2 
distinct parts: the locomotive equipment, and the 
wayside equipment. The wayside equipment is a 
device known as an inductor, which is located ap- 
proximately 70 ft in front of each block signal govern- 
ing the entrance to a block in the direction from which 
the signal is approached and is placed just outside the 
right-hand rail. Although this inductor is electrically 
connected to its signal by 2 insulated wires, it 
normally carries no current. It consists of a U- 
shaped magnet with laminated cores, large pole 
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Fig. 2. Circuit showing principles of control, way- 
side to locomotive 


pieces, and a coil which is connected to the front 
contacts of the signal control relay located at the 
base of the wayside block signal. 

The locomotive equipment consists of a receiver, a 
group of relays, electropneumatic valve, an actuator, 
a forestalling device, and a reset contactor. The re- 
ceiver is mounted on the right side of the forward 
tender truck of the locomotive in such a location as 
to pass 2 in. above and directly over the inductor. 
There is no physical contact between the two. This 
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device is an inverted U-shaped magnet with lami- 
nated cores and large pole pieces. It carries 2 coils, 
which are called the primary and secondary coils. 
Its general appearance is shown in Fig. 1. 

The relay group is contained in a spring-mounted 
housing located on the deck of the tender tank. Its 
functions will be described later. The electro- 
pneumatic valve is located in the cab. It takes 
energy from the relay group and controls the brake- 
valve actuator. A brake-valve actuator is used to 
rotate the engineman’s brake valve to the service 
position when an automatic application of the brakes 
is made. An acknowledging contactor located in 
the cab is used to forestall an automatic brake 
application by manually operating its handle. A 
reset contactor is located on the side of the tender 
and is operated from the ground after the train has 
been brought to a complete stop. 


OPERATION OF THE SYSTEM 


As the locomotive passes a wayside signal which is 
displaying a “‘caution”’ or a “‘stop”’ indication, its re- 
ceiver passes over the inductor on open circuit 
(see Fig. 2). A surge of magnetic flux builds up in 
the secondary coil of the receiver and produces a 
momentary negative current in the relay. This 
negative current is sufficient to allow the relay to 
open, and when once open, stays open until restored, 
due to its being a “‘stick”’ relay. The opening of the 
primary relay deprives the electropneumatic valve of 
energy, which causes the valve to open and release 
the air from the larger piston of the actuator. The — 
actuator, therefore, moves the brake valve tothe ~ 
service position which applies the brakes to the mov- 
ing train. 

The system is so arranged that the engineman can 
at all times operate his brake valve to the service or 
emergency position, but he cannot release the brakes 
manually during an automatic application. To re- 
store the system to normal and release the brakes 
after they have been applied by the system, it is 
necessary for him to leave his seat and operate the 
reset contactor. 

If the engineman is alert and fully capable of 
handling his train, he can forestall a brake applica- 
tion when passing a “‘caution”’ or “‘stop”’ signal in- 
dication by operating an acknowledging contactor 
located within easy reach of him in the cab. Under 
this condition a whistle sounds when the receiver 
passes over the inductor; when the whistle stops, it 
indicates that the acknowledging lever should be 
restored to normal position. He must, however, 
release the handle in 15 sec. If he held it for a 
longer period, the brakes would be applied automati- 
cally, but could be released after restoring the ac- 
knowledging contactor to the normal position. 

When the train passes a wayside block signal which 
is displaying a “‘clear’’ indication, the coil of its in- 
ductor is on closed circuit. As a result, the receiver 
may pass over an inductor in the clear condition 
without a reduction of the primary relay’s current 
intensity to the drop-away point. Therefore, the 
electropneumatic valve will remain energized and no 
brake application will be effected. 
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III—Continuous Types of 
Control on the Reading R.R. 


Two forms of the continuous type of automatic 
train control are described briefly in the following 
excerpts from ‘Modern Signaling on the Reading 
Railroad” by E. W. Reich and G. I. Wright, both of 
the Reading Railroad, Philadelphia, Pa.: 


Loop SYSTEM OF TRAIN CONTROL 


The first installation of automatic train control 
on the. Reading Railroad was made in 1925 on the 
Atlantic City Railroad (now Pennsylvania and 
Reading Seashore Railroad) covering a territory of 55 
miles between Camden, N. J., and Atlantic City, 
N. J. The system installed is a continuous speed 
control with speeds of 85, 40, and 25 miles per hour 
imposed, together with a 3-indication cab signal 
indicating high, medium, or low speed. High speed 
or 85 miles per hour which is maximum permissive 
speed on this branch is imposed in clear blocks, 
medium speed of 40 miles per hour between a caution 
signal and braking point in approach of a stop signal 
and low or 25 miles per hour between this braking 
point and the stop signal ou while passing through 
an occupied block. 

In this system there is a 2-element train-control 
relay located on the locomotive, the track element be- 
ing energized through what is known as an axle cir- 
cuit. The secondary of the track transformer is 
connected across the rails at the receding end of 
track circuit, current flows through one rail toward 
the train in the circuit across wheels and axle of the 
locomotive to the opposite rail, thereby completing 
the circuit. The flow of this current in the rails in- 
duces a second current in a receiver on the front end 
of the locomotive mounted a few inches over the 
rails; this current is then passed through special 
power amplifier tubes and then to one element of 
the train control relay. The other element receives 
energy from a combination line and track circuit 
known as the loop circuit. 

This loop circuit requires a special transformer con- 
nected through resistance coils to both rails of the 
track circuit, and the circuit is completed through a 
line wire running the entire length of the block which 
is connected to both rails of the track circuit at the 
opposite end. Current flowing in the loop circuit 
(through both rails in parallel and line return) is 
picked up by a second receiver mounted on the rear 
of the locomotive and through amplifiers energizes 
the local coils of the train control relay. 

The 3-position train control relay assumes a verti- 
cal position when either or both of its control ele- 
ments are deénergized, and is energized in a predeter- 
mined position when both elements have a current 
flow with a certain phase relation, and energized in 
the opposite position when current in one of the ele- 
ments is reversed. This change of phase relation is 


From “‘Modern Signaling on the Reading Railroad’ (No. 33-21) presented at the 
A.I.E.E. winter convention, New York, N. Y., Jan. 23-27, 1933. Full text of 
that portion of the paper which describes automatic train control is presented 
herein. 
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accomplished through the pole changing of the line or 
loop circuit as the polarity of track elements is always 
constant. The polarity of the loop circuit is con- 
trolled through the position of a wayside signal con- 
trolled 2 blocks in advance of the one occupied, 
thereby coérdinating train control and cab signaling 
with the wayside signal indication. The electro- 
pneumatic brake equipment and cab signals on the 
locomotive are actuated by local circuits controlled 
by the train control relay described above. The 
current for operating this local equipment is sup- 
plied from a special generator which also serves to 
furnish power for the electric headlight of the loco- 
motive. 


CONTINUOUS CODE TYPE 


The second installation of train control was made 
on the Behtlehem Branch in 1927, extending from 
Jenkintown, Pa., to Bethlehem, Pa., a distance of 46 
route miles. The system installed is a continuous 2- 
speed code type with 4-indication cab signaling, a 
low speed of 20 miles per hour being imposed under 
certain track or block conditions. Unlike the loop 
system of train control previously described, where 
the train control relay was actuated from a com- 
bination of track and line circuits, the code system 
depends entirely on track or axle current. Code 
energy flows in one rail of track to the front wheels 
and axle of the locomotive returning to the trans- 
former through the other rail. This flow of axle 
current induces a second current in receiver coils 
mounted on the locomotive ahead of the front 
wheels. The 2 receiver coils are electrically con- 
nected so that the voltages induced in them are 
additive when alternating current flows in opposite 
directions in the 2 rails. The circuit of receiver coils 
is tuned to resonance at 100 cycles and induced 
current passes through 2 stages of transformer 
coupled amplification to a master transformer and 
relay, which in turn actuates the several decoding 
relays tuned to a code frequency for the various cab 
signal indications and the pneumatic brake control. 

Code is obtained from a small motor operated 
coder through which the various code frequencies are 
superimposed on the track circuit codrdinated with 
the position of wayside signal equipment for 2 blocks 
in advance of the one occupied. Control codes are 
as given in Table I. 


Table I—Control Codes 


Frequency Indication 
ESO Patera ate tect haces stuck heeds ae che nie, eel cag Rm Raed, aap tas ae en Clear 
D2 Sere Sas NANO ters rae eae eS rae oA em cm SN es Approach medium 
SO) ayia ate rane ae arc eae chin tt eich fetta Sian Approach with imposed slow speed 
CO racket’ alngs Rake ct AMR Vien ata MRaRe ey ed hel ine tnate 28a Stop with imposed slow speed 


It is characteristic of both the loop and code system 
of continuous train control that any change in condi- 
tions occurring at any time in the clear block im- 
mediately causes a change to a more restrictive signal 
in the cab or locomotive and functions to initiate an 
automatic application of the brakes. Conversely, 
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cab indication and control of automatic brake equip- 
ment are released immediately following any change 
in conditions ahead which would make a higher speed 


permissible. 

The arrangement of pneumatic brake control 
necessitates that the engineman operate on ac- 
knowledging lever when a change to a more restric- 
tive indication occurs. The engineman then has a 
6-sec interval to initiate a reduction to the imposed 
speed that is permitted with the particular cab in- 
dication being displayed. Unless the engineman im- 
mediately acts to acknowledge and reduce speed, 
train control equipment will function and stop the 
train. With this form of pneumatic control it is 
impossible for an engineman to observe a restrictive 
indication at wayside signal in advance of the train, 
forestall the application of brakes, and proceed at an 
unauthorized speed. 


Vapor Stream 
in Wacuum Arcs 


A summary of the experiments showing the 
existence of a high velocity vapor stream 
issuing from the cathode region of a vac- 
uum arc is presented in this article. We- 
locities obtained by different methods 
are given. The article includes a review 
of the theories proposed to account for 
the vapor stream. Several theories pro- 
posed are shown to be inadequate, the one 
possible theory being based upon the 
presence of multiply charged ions which 
leave the cathode after neutralization with 
a high velocity. 


By 
R. C. MASON 


ASSOCIATE A.1-E-E. 


Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa. 


I. THE last few years it has been dis- 
covered that a blast of vapor issues at high velocity 
from the cathode region of a vacuum are. The con- 
sideration of this subject is important in the study 
of the arc. Previous theories of the cathode of an 


Full text of ““High-Velocity Vapor Stream in the Vacuum Arc’’ (No. 33-20) pre- 
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arc, which have not taken account of the vapor 
stream, must be extended, for the vapor blast, as it 
now appears, is a part of the cathode phenomena, 
and as such must be included in any satisfactory 
theory of the cathode of an arc. The energy carried 
away in the high velocity vapor stream, which is not 
an inconsiderable part of the total energy loss at the 
cathode, must be included in the heat balance at the 
cathode. 

By ‘vacuum arc” is meant an arc between metal 
electrodes in a residual gas at low pressure—a few 
microns or less. Such an arc burns, near the cathode 
at least, primarily in the vapor of the cathode mate- 
rial. Vapor of the cathode metal leaves the cathode 
region with a velocity over 10° cm/sec. Such veloci- 
ties in themselves are not extraordinary, but in the 
arc their origin is a matter of wonder. The velocities 
correspond to equivalent volts of 36 to over 500— 
several times the total arc voltage—so that a direct 
electrical origin is not obvious. (The volt equivalent 
of the velocity of a particle is the potential through 
which a singly charged particle of the same mass 
must fall in order to acquire the same velocity; it is 
calculated from eV = '/) mv?.) Several different 
methods of observation, described in this article, 
yield results of the same magnitude, however. 


EXPERIMENTAL RESULTS 


The existence of the high velocity vapor stream was 
first discovered by Tanberg! who observed and meas- 
ured a force of considerable magnitude on the cath- 
ode of a vacuum arc. A copper rod, suspended 
freely by a fine wire, as shown in Fig. 1, served as the 
cathode of the arc. Before the arc was drawn by 
moving the anode into contact with the cathode, the 
pressure in the vessel was about 0.2 micron; at the 
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end of a test of a few seconds’ duration, the pressure 
had increased to some 10 microns. When the arc 
was burning the reaction on the cathode caused a 
deflection of the whole cathode structure; from the 
length of support and the deflection, the force on the 
cathode was found. The cathode was weighed 
before and after a test of known duration so that the 
loss of weight per second was known. The force is 
equal to the change of momentum—the mass of vapor 
escaping per second times its mean velocity. The 
velocity determined in this way was 1.04  10%cm/ 
sec, as the average of several tests. 

By another method also, Tanberg measured the 
vapor velocity. A glass vane was suspended 2 cm be- 
fore a fixed cathode. With an arc playing, the vapor 
issuing from the cathode caused the vane to deflect. 
From the vane deflection and the mass of copper 
vapor deposited on the vane per second, the mean 
velocity of the vapor striking the vane was found to 
be about 1.35 X 10° cm/sec. 

Kobel? observed a large force at the cathode of a 
mercury arc, and in a similar way calculated a high 
velocity for the vapor leaving the cathode. The mer- 
cury level in a conical tungsten cup was adjusted un- 
til the cathode spot just covered the entire mercury 
surface. The difference in level of the mercury in the 
cathode cup and in a connecting side tube, shown 
schematically in Fig. 2, represented the force on the 
cathode. The loss of mercury from the cathode was 
measured by observing the rate of change of mercury 
level in the tungsten cup. From these 2 quantities 
the mean velocity of the vapor leaving the cathode 
region can be calculated. Values from 1.15 to 3.1 X 
10° cm/sec are obtained, with an average of 2.24 X 
108 cm/sec. 

All of the results mentioned above were obtained 
from measurements of momentum, though the way in 
which the balancing force was read differed slightly. 
Berkey and Mason,’ however, measured the energy of 
the vapor stream. ace experimental arrangement 
is shown in Fig. 3. A silver vane was suspended in 
front of the cathode of a copper vacuum arc. To the 
side of the vane away from the cathode, a thermo- 
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couple was soldered. The thermocouple gave the 
rise in temperature during a period of arcing; from 
the rate of rise of the temperature and the thermal 
capacity of the vane the energy input to the vane was 
calculated. The mass of copper deposited on the 
vane was determined by weighing. These 2 quanti- 
ties permitted the root mean square velocity of the 
vapor striking the vane to be calculated. The values 
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obtained lie between 1.74 and 2.46 & 108 cm/sec with 
an average of 2.04 10° cm/sec. The deflection of 
the vane was also obtained in these tests, and the 
mean velocity of the vapor calculated as 1.62 to 
3.7 X 10° cm/sec, with not very great accuracy. 


SOURCES OF ERROR AND CORRECTIONS 


Several corrections have been made or considered 
in attempting to eliminate sources of error in meas- 
uring the vapor velocity. The most obvious, that 
of the electrodynamical force on the cathode result- 
ing from the disposition of the current leads was 
estimated by Tanberg and deducted before the values 
of velocity given above were calculated. A further 
electrodynamic force, resulting from the convergence 
of current flow at the cathode spot, was estimated by 
Risch* to be not over 5 per cent of the measured 
force. The radiation pressure on the cathode was an 
entirely negligible factor. The reaction pressure of 
the electrons leaving the cathode was not over 5 per 
cent of the total force, as pointed out by Risch. 
Thus, of the forces upon the cathode measured by 
Tanberg and Kobel not over about 10 per cent can be 
attributed to causes other than the reaction of the 
vapor leaving the cathode region. 

None of the above mentioned corrections is appli- 
cable to the force on the vane suspended in front of the 
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Table I—Quantities in Vapor Stream 


Observed by Different Investigators 


Results—Average 
of Several Tests 


Range of Data : 
Mean Velocity Equiv. 


Force, Dynes Mass Involved Cm/Sec Volts 


Observer Arc Method Current, Amp 
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Energy, Ergs/Sec Rms Velocity 
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arc. The mean velocity calculated for the vapor 
striking the vane can be in error only if the mass in- 
volved is incorrect—that is, if some of the vapor 
striking the vane is reflected without condensation. 
This seems hardly probable as metal vapors usually 
condense with little reflection. Furthermore, the 
amount of copper deposited on the vane was just the 
amount to be expected if a cosine distribution of the 
measured loss of material from the cathode existed; 
and the density of vapor deposited on the walls of the 
containing vessel followed a cosine law. No great 
amount of reflection thus seems reasonable. If such 
did occur, the root mean square velocity would be 
more nearly correct than the mean velocity; actually 
about the same values are secured for each. 

The vane may receive energy from the arc, in addi- 
tion to the energy of the impinging vapor, by radia- 
tion and by recombination of ions upon the vane. 
The radiation energy received was measured experi- 
mentally, found to be small, and was subtracted from 
the total before the root mean square velocity quoted 
was calculated. An upper limit to the latter energy 
would be obtained by considering all the vapor 
condensing as ionized. Then the energy of recom- 
bination would amount to less than 10 per cent of the 
total. 

Other sources of error lie only in inherent difficul- 
ties in reading the experimental quantities. While 
the masses involved could be determined exactly, 
deflection methods probably permitted no great 
accuracy in determination of the forces; and Kobel 
records difficulty in adjusting the mercury levels. 
It is probable that the energy measurements yield 
more accurate values of the velocity of the vapor 
stream than the other methods. 

Some of the quantities observed by the different 
investigators are given in Table I. The volt equiva- 
lent of the velocity is given in order to aid in explain- 
ing the theories offered. For the energy measure- 
ments this quantity may be calculated directly; but 
the mean velocities should be translated into root 
mean square velocities before calculating the volt 
equivalents. A knowledge of the velocity distribu- 
tion would be necessary in order to get the ratio of 
root mean square to mean velocity; for a uniform 
velocity distribution the ratio is one, while for any 
other distribution the ratio is greater than one. 
Since the actual distribution is entirely unknown, 
the minimum value is the one used in the table. 

Several theories have been put forward to account 
for the origin of the high velocity of the vapor. The 
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temperature of the cathode spot is inadequate to give 
the emitted vapor the velocities calculated. The 
temperature of the cathode spot of the copper 
vacuum arc has been estimated to be under 3,000 
deg K,* while in the mercury arc the cathode tem- 
perature is probably only a few hundred degrees. 
The vapor velocities, however, are the same magni- 
tude as the average molecular velocity of a gas in 
thermal equilibrium at several hundred thousand 
degrees so that a purely thermal origin of the high 
speeds seems impossible. 


WELLMAN’S THEORY 


Wellman® suggested that, though the reaction of 
the copper leaving the cathode at 3,000 deg K was 
small, the reaction of gas evolved from the cathode 
during arcing might account for the remainder of the 
observed force. His calculations were based upon an 
incorrect value of current, however, so that the actual 
force of the gas is also a small factor. Furthermore, 
the mass involved in calculating the high velocities 
was determined by weighing the cathode before and 
after arcing so that any net loss of gas was included 
with loss of copper; only gas evolved during arcing 
and reabsorbed before the subsequent weighing of the 
cathode would not be discerned. In the mercury arc 
it seems unlikely that any gas was evolved from the 
cathode. 


COMPTON’S THEORY 


It has been shown by different methods”® that 
positive ions drawn to an electrode by an electric 
field are neutralized but give up to the electrode only 
part of the kinetic energy acquired from the field; 
part of the energy is retained and carried away by 
the neutral molecule. From the similarity to heat 
and momentum exchange of a gas with a solid the ions 
are said to possess an ‘‘accommodation coefficient” 
less than unity. Compton proposed that the exist- 
ence of an accommodation coefficient, whereby 
neutralized ions leave the cathode with considerable 
momentum, could account for the reaction upon the 
cathode of a vacuum are. 

In effect, by this theory a more dense stream of low 
velocity particles is substituted for the less numerous 
high velocity particles of Tanberg and Kobel. Since 
the mass of positive ions striking the cathode per 
second might be much larger than the mass of the 
net vaporization from the cathode, the observed reac- 
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tion could be accounted for if the neutralized ions 
left the cathode with a small part of the energy ac- 
quired from the cathode fall space. Compton cal- 
culated that a retention of only 2 per’cent to 5 per 
cent of the incident energy—less than 0.5 equivalent 
volt—would be necessary for the copper and mercury 
arcs, if half the current were carried by positive 
ions; if a smaller part of the current were carried by 
positive ions, then the accommodation coefficient 
would have to be still smaller. While small values 
do exist for light atoms, the accommodation co- 
efficient for heavy ions, such as copper or mercury, 
has not yet been measured. 

Even though the mechanism suggested by Comp- 
ton may possibly picture correctly the way in which 
the reaction is imparted to the cathode, it has been 
pointed out** that the necessity of a high velocity 
vapor stream leaving the cathode region remains. 
The force on the cathode must be balanced by the 
momentum of the particles escaping from the cathode 
region; since a low pressure existed during the ex- 
periments, the flow of momentum can be carried only 
by the vapor corresponding to the net loss in weight 
of the cathode. Consequently, the velocity cal- 
culated for this vapor must be correct. The sugges- 
tion offered would not account for the high speed 
vapor striking the vane before the cathode. If the 
Compton theory is valid, then an equal difficulty re- 
mains in devising a way by which the many mole- 
cules with low velocity may transfer their momen- 
tum to a few molecules with high velocity. 


RIscH AND Ltpi’s THEORY 


Risch and Liidi’® have recently proposed a theory, 
somewhat like Compton’s theory, but avoiding the 
difficulties there encountered. An electrical mecha- 
nism is provided for the attainment of high ve- 
locity by the particles leaving the cathode region. 
Positive ions incident upon the cathode possess both 
kinetic energy, acquired from the field, and potential 
energy, in virtue of their ionization. Risch and Liidi 
propose an accommodation coefficient for the poten- 
tial energy; that is, positive ions are neutralized at 
the cathode but some of the energy set free in this act 
is presumed to be converted into kinetic energy of the 
neutral particle. Most of the atoms evaporated from 
the cathode are ionized and drawn back before escap- 
ing completely; after neutralization, they leave at a 
high velocity. Upon this assumption, the ion current 
is equal to the net material loss from the cathode. In 
order to supply thermal losses from the cathode and 
to provide for the large kinetic energy of the escaping 
vapor, it is necessary to suppose that the positive ions 
are multiply charged—that they have been ionized 6 
or 7times. This Risch and Liidi believe possible, be- 
cause such a dense stream of electrons is coming from 
the cathode that a copper atom would be struck many 
times while it remained in the cathode region, and the 
time intervals between collisions would be too short 
for the atom to radiate away the energy received from 
the electrons. Thus ionization would proceed by 
cumulative action until an ion would possess several 
hundred volts potential energy. Risch and Liidi’s 
calculations for the copper are run briefly thus: 


OcTOBER 1933 


If 86 per cent of the current is carried by electrons 
(see below) a current density of 14,000 amp/cm? 
corresponds to 7.5 X 10” electrons/cm?-sec. If the 
cross section of a copper atom is 10~1° cm?, each atom 
will be struck 7.5 X 10’ times per sec, and the mean 
time between 2 impacts is about 10~* see—too brief 
for radiation to occur. The energy lost from the 
cathode by conduction is taken as 3 watts/amp, 
and by electron cooling as 7 watts/amp. The loss 
of 1.5 X 10~> g/amp-sec of copper is equal to 1.4 X 
10” molecules/amp-sec, so if this is taken equal to the 
ion current, the elementary charges that must be 
conveyed per ion are: 
1 
RAS Se NOE SL) BS 


If the ions bear 6 charges, then 38 electrons (or 86 
per cent of the current) must be freed for each posi- 
tive ion. If the energy of the departing neutralized 
ion is 140 equivalent volts, then the total energy loss 
per ion is (7 X 38) + (3 X 44) + 140 = 540 volts. 
Of this, kinetic energy can provide 6 X 15 = 90 
volts (6-fold charge times assumed 15 volts cathode 
fall), leaving 450 volts to be supplied as potential 
energy—corresponding to 6 or 7 times ionized. 
Since an electron would have only 15 volts energy 
at the cathode fall boundary, at least 30 electron im- 
pacts per ion formed are necessary. This would in- 
volve only 30 X 1078 sec, too short a time for the ion 
to move far. 

The cross section for excitation of an atom is con- 
siderably less than the kinetic theory cross section 
used above, so the time between exciting collisions 
might possibly be longer than the mean time of exist- 
ence of an excited atom without radiation. Though 
this and other minor objections might be raised, at 
present there seems to be no definite proof of the im- 
possibility of the explanation of Risch and Liidi. 
Indeed, in the arc where the energy density is so 
much greater than in other forms of discharges, it 
would not be surprising to find higher states of 
ionization than exist in other discharges. The idea 
of multiple ions is entirely new to the theory of the 
arc cathode, and certainly must be taken into con- 
sideration as a possibility in the formulation of a 
theory of the cathode. Any complete theory of the 
are must embody an explanation of the origin of the 
high velocity vapor stream. 


= 44 
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Electrochemistry and 
Electrometallurgy—1932-33 


In the field of electrochemistry and elec- 
trometallurgy several developments have 
been brought forth during the past year, 
which are deemed worthy of record. 
These are outlined briefly in this report by 
the Institute’s committee on electrochem- 
istry and electrometallurgy. 


Ware the engineering and research 
activities of many organizations have been curtailed 
considerably during the past year, several develop- 
ments have been brought forward which are worthy 
of record. Those which have been brought to the 
attention of committee on electrochemistry and elec- 
trometallurgy are mentioned briefly here. 


HicH TEMPERATURE STEEL TREATING FURNACES 


Development work is being carried out actively to 
meet the increasing demand for industrial furnaces in 
steel treating work where temperatures of 2,000 to 
2,500 deg F are required. Inductive methods of 
heating in some cases work out very satisfactorily; 
in other cases, resistance heating, either by direct 
conduction or by radiation, will meet the require- 
ments better. There is a definite field for the electric 
furnace in this temperature zone, and progress is be- 
ing made in filling it satisfactorily. 


ELECTRIC FURNACE IRONS 


The term “electric steel’? has denoted for a long 
time superior steels made in the electric furnace. 
The comparatively new term “electric furnace iron”’ 
denotes superior grades of cast irons which are the 
products of the electric furnace. The main feature 
in the production of these irons is the heat treatment 
of the molten metal at temperatures beyond the 
range of the cupola. These new irons are marked by 
high tensile strength and uniformity. The growing 
demand for these products of the electric furnace is 
enlarging materially the field of electric heat for 
producing molten metal. 


LITHIUM 


The production of lithium now has been estab- 
lished on a commercial basis in this country. This 


Excerpts from the annual report of the A.I.E.E. committee on electrochemistry 
and electrometallurgy for 1932-33. Not published in pamphlet form. 
Committee on electrochemistry and electrometallurgy, 1932-33: W. C. Kalb, 
chairman; Herbert Speight, vice-chairman; J. C. Hale, secretary; Lawrence 
Addicks, P. H. Brace, L. W. Chubb, F. G. Clark, S. K. Colby, G. W. Elmen, 
W. E. Holland, F, A. Lidbury, R. G. Mansfield, K. L. Scott, N. R. Stansel, 
Magnus Unger, H. B. Vidal, G. W. Vinal, J. B. Whitehead, J. L. Woodbridge, 
and C. D. Woodward. 
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metal is being used as a hardener for aluminum and 
lead alloys. It is being used also as a superscav- 
anger in ferrous and non-ferrous metal production, 
and in the degasification of copper. The latter 
application is of special importance to electrical en- 
gineers in connection with the manufacture of high 
conductivity copper. 


PROCESS REGULATION 


Manual control of hydrogen ion concentration in 
flotation, electrolytic reduction, and refining plants 
is expensive, slow, and inaccurate. Two schemes 
have been worked out for the automatic regulation or 
control of hydrogen ion concentration which employ 
photoelectric tubes in such a manner as to avoid 
errors caused by line voltage variation, temperature 
variation, or changes in tube characteristics with age. 
Both of these schemes supply an adjustable inopera- 
tive time during which a correction is allowed to 
take effect before the regulator is permitted to at- 
tempt a second correction. This equipment should 
find application not only in the control of hydrogen 
ion concentration but in control of color or opacity of 
a solution which is affected by a single varying chemi- 
cal. 

Accurate control of high temperature has been 
made possible by the development of a high tem- 
perature indicator and regulator employing the elec- 
trical conducting characteristics of certain refractory 
materials at high temperatures. The refractory ma- 
terial receives radiant energy direct from the 
material whose temperature is to be regulated, and 
thus the resistance of the refractory material is pro- 
portional to the temperature. The material is 
placed in a bridge circuit which is balanced for the 
desired temperature or resistance of the refractory 
material. Any deviation from this temperature, 
of course, unbalances the bridge circuit and the 
unbalanced current is amplified and used to control 
the power input to the furnace in order to bring the 
temperature back to the desired value. 

Operating power costs have been decreased by the 
application of power regulators to improve the load 
factor of a plant. In electrolytic plants it has 
proved practicable to raise the load factor to 100 
per cent thus obtaining a minimum power cost for 
producing a given amount of product, since the total 
kilowatthours are regulated to equal the past average 
kilowatthours. 

Electrolytic cell efficiencies have been increased by 
the application of constant current regulators, main- 
taining the cell circuit at the optimum value of cur- 
rent considering both efficiency and production re- 
quirements. 


ELECTRICAL PRECIPITATION 


In addition to those fields of application where 
electrical precipitation processes have been used in 
the past, these processes have recently been adapted 
to problems of gas cleaning in iron blast furnace and 
paper mill operations. 

Progress has been made in the development of hot 
cathode vacuum tubes for high voltage rectification 
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tion, for X ray applications, 


for electrical precipitation. Voltages up to 100 kv 
have been successfully rectified, though this is in 
excess of the normal requirements for precipitation, 
which does not exceed 75 kv. The field for high volt- 
age rectification is not confined to electrical precipita- 
cable testing, and 
electrostatic separation schemes all require such a 


supply. 
ELECTROLYTIC HyDROGEN 


During 1932 a 6,500-kw 650-volt mercury arc 
rectifier was put into service for producing hydrogen 
by electrolysis. This rectifier consists of 2. 3,250-kw 
tanks operating from one transformer. A primary 
regulating transformer provides a range in the d-c 


Pulling-Into-Step 
Equations Solved 


By means of the ‘‘differential analyzer,’’ 
the equations describing the pulling-into- 
step transients of a synchronous motor can 
be solved readily and accurately. The 
results of such solutions give a rather com- 
plete analysis of pulling-into-step phe- 
nomena, and thus make possible the de- 
termination of the performance of practi- 
cally any synchronous motor. Practical 
application of the study is illustrated by a 
numerical example. 


By 
H. E. EDGERTON G. S. BROWN 
MEMBER A.1.E.E. ASSOCIATE A.1.E.E. 


K. J. GERMESHAUSEN R. W. HAMILTON 


ASSOCIATE A.1-E-E. ASSOCIATE A.1.E.E. 


All of Massachusetts Institute of Technology, Cambridge 


A MECHANICAL calculating ma- 
chine! named the “differential analyzer,’’ developed 
at the Massachusetts Institute of Technology under 
the direction of Dr. Vannevar Bush, has made it pos- 


Based upon ‘‘Synchronous-Motor Pulling-Into-Step Phenomena” (No. 33-26) 
presented at the winter convention of the A.I.E.E., New York, N. Y., Jan. 23- 
27, 1933. 

1. For all numbered references, see bibliography at end of article. 
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voltage from 600 to 670 volts. This equipment is 
used in a new atmospheric nitrogen fertilizer plant, 
and has been in successful operation for about a year. 


ELECTRICITY IN CHEMICAL PROCESSES 


Application of electricity to chemical processes was. 
reviewed by Dr. Colin G. Fink in an address which 
proved to be the salient feature of the session spon- 
sored by this committee at the 1933 winter conven- 
tion. In this address Doctor Fink presented much 
valuable data relative to the use of electrical power in 
chemical and metallurgical industries. The ad- 
dress having been published in the March, 1933, 
issue of ELECTRICAL ENGINEERING (p. 151-4) no, 
repetition of the data is included in this report. 
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Fig. 1. Actual differential analyzer slip-angle solu-. 
tions of the equation of motion of a round-rotor syn- 
chronous motor during pulling-into-step transients 


sible to solve rapidly and accurately the non-linear: 
differential equations that represent the constraints: 
upon the motions of synchronous motors during: 
transient conditions. 

Three previous investigations*®»° of synchronous- 
motor phenomena have been made with a preliminary 
experimental calculating machine’ which was called’ 
the ‘product integraph.”’ The difficulties of manipu- 
lation and the inherent errors of that machine lim- 
ited the extent and accuracy of the solutions. Now, 
with the new and accurate differential analyzer, all 
of the previous work on the pulling-into-step prob- 
lem has been repeated and greatly extended. The 
solutions have been extended to include the “‘best’” 
switching condition and the condition for “‘ultimate’” 
synchronization, as well as the “‘worst”’ switching 
condition, which was the goal of the previous investi- 
gations. Complete graphs of the regions of stability 
and non-synchronous operation have been deter- 
mined for all practical cases. Also the effect of the 
field time constant has been included as another fac- 
tor. 

Charts compiled from the results of many solutions 
make it possible to calculate quantitatively the ad- 
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vantages of angularly controlled field switching. 
These advantages are summarized as follows: 

1. From 0 to 45 per cent more load can be synchronized with 
switching controlled to approximately the most favorable angle, 
compared with that for ultimate synchronization. The gain de- 
pends upon the relative damping factor and the relative time con- 
stant of the motor as shown in Fig. 7. The largest gain 1s realized 
with high resistance amortisseur windings, large inertia loads, and 
small field time constants. 


2. With angularly controlled field switching, a given motor and 
load can be pulled into step from a larger slip. The practical mean- 
ing of this is that the amortisseur windings do not need to raise the 
speed to as high a value. Therefore, higher resistance amortisseur 
windings may be used, resulting in better starting characteristics. 


3. When the field is switched at the most favorable angle, the slip 
during the transient never exceeds its initial steady-state value. 
For the most unfavorable switching condition the slip during the 
transient is from 60 to 200 per cent larger than its initial steady- 
state induction-motor value, depending upon the relative damping 
factor as shown in Fig. 8. 


4. Favorable switching minimizes the mechanical and electrical 
surges that accompany the pulling-into-step transient when the 
field of a motor is applied at unfavorable angles. 


Thus controlled field switching offers advantages 
for synchronous-motor applications where the start- 
ing conditions are difficult, the inertia is large, or the 
load at the time of pull-in is large. 


CYLINDRICAL ROTOR 


For any round-rotor synchronous-induction motor 
brought up to speed as an induction motor, there are 
6 major factors that determine whether the motor will 
pull into step. These are: 


1. Load on the motor during the synchronizing period. 


2. Maximum synchronizing torque due to the synchroncus-motor 
effect. 


3. Field time constant. 
4. Induction torque-slip characteristic (assumed linear). 
5. Inertia of the motor and connected load. 


6. Switching angle 6) that exists when the exciter is connected; 
this is the electrical angle between the axis of the actual field pole 
and an imaginary field pole that would generate the terminal voltage 
on open circuit. 


When these 6 factors are known, the data given 
in this article makes it possible to determine the 
maximum shaft load with which the motor will syn- 
chronize and the most favorable switching angle 6). 
As it is desirable to have the motor pull into step on 
the first swing through the steady state operating 
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angle, the criterion established for pulling into step is 
that the final steady state operating angle shall be 
attained without the motor swinging more than once 
through a complete generator cycle after the field is 
applied. 

The equation of the pulling into step of a synchro- 
nous induction motor generally is accepted to be of 
the form 


a6 dé : 
Pia t Pag + Posing (1 —e) 1 = Py (1) 
where 
P; = coefficient which when multiplied by the acceleration in elec- 


trical degrees per second per second gives the component 
of power accelerating the inertia (at synchronous speed) 


P, = coefficient which when multiplied by the slip in electrical de- 
grees per second gives the component of power due to the 
induction motor effect (assumed constant in the solutions) 


P,, = maximum power due to the synchronizing action of the field 


current 

Py, = shaft load at synchronous speed (considered constant in the 
solutions) 

Chee) nate ; 

P= acceleration in electrical degrees per second per second 

do uae : 

ia slip in electrical degrees per second 

6 = the angle in electrical degrees which exists between the axis 
of the actual field pole and an imaginary field pole that 
would generate the terminal voltage on open circuit 

6) = the value of @ when the exciter is connected 

1 — eo = term taking into account the effect of the field time con- 
stant 

1 = Heaviside’s unit function, which is zero before and wnity 


after time equals zero 


In deriving the equation it is assumed that the 
armature currents and potentials are sinusoidal, that 
the applied armature and field potentials are con- 
stant, and that the stator resistance and the effect of 
the rotor leakage inductance are negligibly small. 

To facilitate solution by the differential analyzer, 
the equation can be reduced to a more convenient 
form by dividing through by P,, and replacing t by a 
new dimensionless variable \; this gives the equation 
a0 do 12 


= i ——' € AGN = aes 
Det kt sine (l ear) J iy (2) 
where 
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Fig. 3. Best switching angles for a round-rotor syn- 
chronous motor; note that all the angles refer to 
generator region 
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oe Fig. 4 (left). Ef- 
fect of time con- 
stant of field circuit 
on the performance 
of a round-rotor syn- 
chronous motor 
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The term a is selected so that the coefficient of the 
acceleration term and the coefficient of the sine term 
shall be unity. For this condition 


The factor k, called the relative damping coeffi- 
cient, is a numeric containing the dimensions of 
angle, and is proportional to the square root of the 
magnitude of the unit used for measuring angle. In 
the solutions that follow, angle is measured in elec- 
trical degrees; if electrical radians be used, k would 
be multiplied by /180/z7. This factor k combines 
the terms P,, P;, and P,,, which depend upon the 
motor under consideration, into one factor. Thus 
all machines having any given value of k respond 
with similar electromagnetic transients, in terms of 
h, when similar disturbances are imposed upon them; 
this is true regardless of the size of the machine. 

Factors influencing the pulling into step of the 
motor now have been reduced to 4 as follows: 


k = the relative damping coefficient 

P1/Pm = the load ratio 

00 = the value of 6 when the exciter is connected 
1g = relative time constant 

aa 


To be able to predict what will happen in any par- 
ticular machine, it is necessary to have a range of 
solutions covering all values of these coefficients 
found in practical machines. Accordingly, several 
solutions were made, each for a different value of k, 
%, and 1/oa. Typical solutions of this type are 
shown in Fig. 1. 

For the chosen value of k, initial switching angle 
and load ratio, the curves show how the angle 6 and 
the slip subsequently varied. Curves 8, c, and d, 
Fig. 1, are for k = 0.02 and @ = 180 deg. Fora 
value of P,/Py = 0.14 (curve b) the machine syn- 
chronized on the first swing, conforming with the 
eriterion, For avalue of P;/P;, = 0:175 (curve.c) 
the machine synchronized on the third swing, 
hence did not conform to the criterion. From a 
family of curves such as these the chart in Fig. 2 
was constructed. 

After making several solutions of the type shown 
in Fig. 1, it became apparent that a critical solution is 
one giving a final steady-state operating position on 
the unstable portion of the power-arigle curve such 
that the synchronous torque then developed is the 
same as it would be if the machine were operating in 
a stable position. In other words, the motor reaches 
a condition of zero slip and zero acceleration in the 
unstable region of the power-angle curve, with the 
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Loan RATIO — PL/ Pm, 


“0 0.02 


RELATIVE. DAMPING” COEFFICIENT —k a xs 
Fig. 5. Curves for a round-rotor synchronous motor 
showing maximum load ratio that may be pulled into 
step vs. relative damping coefficient for best angle 
switching and for constant values of relative time 
constant 


load torque exactly balanced by the synchronous 
torque. When the relative field time constant is 
zero, this knowledge permits the use of a valuable 
characteristic of the differential analyzer, namely, 
that it can be operated either forward or backward. 
If the final conditions for a critical solution be known, 
the machine may be set to conform to these condi- 
tions and operated so that time proceeds in a re- 
verse direction. It will then solve for the initial 
conditons necessary to give the known final result. 

In Fig. 2 the various possible types of solutions and 
the switching conditions that give rise to them are 
classified into regions. A point on this chart has as 
its codrdinates the load ratio P,/P,, and the switch- 
ing angle 4, the entire chart being drawn for a par- 
ticular value of k and of l1/aa. Points that lie in the 
unshaded portion of the chart show the load ratios 
and switching angles for which the motor will syn- 
chronize without swinging beyond the first region of 
motor action. For points lying in the region shown 
by dotted cross-hatching the motor will synchronize 
in the next region of motor action after passing 
through a complete region of generator action. 
Points within these 2 regions are the only ones for 
which the motor will synchronize and satisfy the 
criterion. For points lying in the region shown by 
lattice cross-hatching the motor will synchronize 
eventually after passing through several motor and 
generator cycles. It was proved definitely that 
points lying within these 3 regions are the only ones 
having codrdinates of load ratio and switching angle 
for which a motor with the given value of k and 1/aa 
ever will synchronize. 

The load ratio corresponding to points S and S’ 
becomes significant since it is the maximum that can 
be synchronized eventually when the switching angle 
is uncontrolled. This load ratio may be called ‘“‘the 
ultimate load ratio.” 

With data obtained from families of curves of the 
type shown in Figs. 1 and 2, Figs. 3 to 7 were pre- 
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pared. The captions are self-explanatory ; hence, it 
is not necessary to discuss the curves here. 


SALIENT POLE MOTOR 


The theory of the pulling-into-step phenomena for 
a salient pole synchronous motor has been given in 
the results of a previous study® made on the product 
integraph. Some of this work has been repeated and 
extended with the new differential analyzer. 

The study of the salient pole motor involves the 
use of a more comprehensive equation than does the 
motor with a cylindrical motor. Only the graphical 
results of the present study are given here. Methods 
of obtaining the results are identical with those used 
for the round-rotor motor except that the initial 
slip is not constant. Variation of the initial slip is 
due to the torques caused by the reluctance effect of 
the salient poles and the incompleteness of the amor- 
tisseur windings. Both of these torques are func- 
tions of angular displacement. 

Figure 9 gives 2 curves (marked P,/P,, = 0.3) 
showing the range of load ratio which will just allow 
pulling into step, as a function of the relative damp- 
ing coefficient for a salient pole machine having a re- 
luctance torque equal to 30 per cent of that torque 
which is a sine function of the angular displacement. 
In these curves the damping is considered to be 
equivalent to that of a round-rotor motor; that is, 
the induction motor torque does not vary with the 
angular displacement. The lag of the building up 
of the field has been neglected for this aspect of the 
problem, since the conclusions of the extensive study 
of the effect of the field transient on the round-rotor 
machine undoubtedly apply to the salient pole ma- 
chine. 

Other curves (marked b = 0) on Fig. 9 show the 
largest load ratios that are permissible as a function 
of the relative damping factor for a cylindrical-rotor 
motor with a damping torque that varies as a cosine 
squared function of the angle. The effect of the 
field time constant was neglected in these curves also 
for the same reason as in the salient pole curves. 

The curves of Fig. 9 show that the salient poles and 
incomplete amortisseur windings do not greatly in- 
fluence the ratio between the critical load ratio and 
the relative damping coefficient. The explanations 
for this are: 

1. The excursion of the angle covers such a large range of values 


that only the average coefficients of the differential equation are of 
importance. 


2. Torque variations before the field circuit is energized cause the 
instantaneous initial slip to vary in such a manner that the initial slip 
is a maximum at what otherwise would be the most favorable switch- 
ing angle. 
tralized. 


Thus the expected gain from saliency largely is neu- 


Maximum slip during the transient is plotted as a 
function of the relative damping factor in Fig. 8. 
The salient pole motor has a larger variation of 
maximum slip than does the round-rotor machine. 


PRACTICAL APPLICATION OF 
DIFFERENTIAL ANALYZER SOLUTIONS 


Previously mentioned papers*’ demonstrated the 
manner in which the solutions were applied to deter- 
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mine whether or not a synchronous motor would syn- 
chronize for the worst switching condition. A mathe- 
matical inequality was determined from the slope of 
the curve that separated the region of unstable solu- 
tions from the stable ones, and thus made it possible 
to obtain useful relationships such as expression 5 of 


Fig. 6. Curve for a 
round - rotor syn- 
chronous motor 
showing ‘‘ultimate”’ 
load ratio for any 
value of switching 
angle % and any 
field time constant 
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Fig. 7. Curves for a round-rotor synchronous motor 

showing the additional load that may be pulled into 

step when field switching occurs at the ‘‘best’’ angle, 

as a ratio to that which may be pulled into step ‘‘ulti- 
mately”’ 


reference 5, or expression 7 or 8 of reference 4. Data 
from differential analyzer solutions show the error 
that results from taking such a linear relationship. 
Figure 9 shows the actual curve for the most unfavor- 
able switching condition. If the load ratio is be- 
tween the limits 0.1 and 0.8 it is justifiable to use a 
straight line relationship, which is certainly within 
the precision of the determination of the coefficients 
and constants of a synchronous motor. 

Curves included in this article make it possible to 
calculate quantitatively the additional load that may 
be synchronized if the field switch is closed at the 
most favorable switching angle. As may be seen from 
Fig. 4, this angle may be varied about 10 deg from 
the optimum value without seriously influencing the 
maximum load ratio. This should permit consider- 
able simplification of the field switching device. 

An important factor which is always present to 
some degree in all motors, but which has been 
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neglected in this study, is the amount of non-linearity 
of the slip-torque curve of the motor. The results 
given apply only to motors that have linear slip- 
torque curves for the entire transient excursion of 
slip, and that have the same slip-torque curve before 
as well as after the field circuit is energized. There- 
fore, engineering judgment needs to be exercised in 
applying the results to practical motors. If the slip- 
torque relationship is non-linear, the chart showing 
the per cent gain will be pessimistic; that is, angu- 
larly controlled field switching will yield a larger gain 
than is predicted by the results of this study. The 
reason for this is that the range of slip for the best 
switching condition is different from that for the 
ultimate or the worst case. As can be seen from the 
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characteristic solutions shown in the left-hand side 
in Fig. 1, the slip for the best switching condition 
never exceeds its initial value, while the slip for the 
worst condition increases greatly because of the 
swing through the generator region. Since the 
deviation from the linear part of the slip-torque curve 
increases as the slip increases, the results given for 
switching under the most unfavorable angle will be 
affected more than the results for switching at the 
most favorable angle. Thus motors having values 
of k and 1/aa for which the charts show no gain, 
actually may realize a gain because of the non-linear 
aspects of the slip-torque curve. 

In what follows, the data necessary for determining 
the synchronizing characteristics of a synchronous 
motor are listed, and a complete sample calculation is 
given. The units used for numerical values on the 
curves correspond to electrical degrees and therefore 
the angle must be expressed in electrical degrees. A 
convenient unit for torque is the synchronous kilo- 
watt since the speed does not vary far from syn- 
chronous, and since the machine characteristics 
usually are expressed in kilowatt units. 


NECESSARY DaTA 


P; inertia coefficient in kilowatts per electrical degree per second per 
second 
WR? 
Peal SiG rd X 1076 kw per elec deg per sec? (3) 
where 
WR? is the moment of inertia in pound-feet? 
f is the frequency in cycles per second 
p is the number of poles 
a damping coefficient in kilowatts per electrical degree per second 


(ore ek 
360fs 

where 

Py, and s are taken from the near-synchronous straight-line portion 

of the slip-torque curve 

P,, is the load torque in synchronous kilowatts 

s is the corresponding per-unit slip 

P.» synchronizing torque in kilowatts for @ = 90 deg 

P, load on the motor in kilowatts 

n synchronous speed in revolutions per minute 


kw per elec deg per sec? (4) 


x field time constant with armature short circuited 
a 


EXAMPLE: SINTERING FAN DRIVE 
The motor was an 8-pole machine having the following rating: 
60 kva, 900 rpm, 440 volts, 75 hp, 1.0 power factor; total WR? = 
4,000 pound-feet? 
; 0.0697 kw per elec deg per sec? 


Py = 0.170 kw per elec deg per sec 

len = 117 kw 

l/a = hg = 030955 

Pi / Pm = O04 

From the foregoing data the following constants may be calculated: 
ee 05e4 

k = relative damping cortiGen = VPP, -Uode 

@ = conversion factor = = = ().0244 


— = relative time constant = 3.91 
aa 


The ultimate condition of just synchronizing is read from Fig. 6 
entering with k = 0.0594 and reading P,/Pm = 0.560. This shows 
that the motor is conservatively rated provided the slip-torque re- 
lationship is approximately linear. If in practise the load should be 
larger than normal, the curve of Fig. 7 shows that if the angle is 
controlled to the most favorable switching angle, then about 0.2 
per-unit more load than the ultimate can be pulled into step satis- 


rab 


factorily. The most favorable switching angle is 36 deg (generator) 
as read from Fig. 3. 
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Modern 
Railway Signaling 


Signal systems used on the Reading Rail- 
road are described briefly in this article. 
Although the article is confined to details 

of signals and interlockings which are 
standard on that road, there are many fea- 
tures of interlocking and signal control that 
are common to most modern systems. The 
system described herein is the recent in- 
stallation of 100-cycle a-c color light 
signaling. 


By 
E. W. REICH 


NON-MEMBER 


G. |. WRIGHT 


MEMBER A.1-E.E. 


Both of Reading Railroad, 
Philadelphia, Pa. 


i ae Philadelphia and Reading Rail- 
road (now Reading Company) was one of the pioneer 
roads in the installation of automatic signaling and 
interlockings. ‘The first form of signaling used was a 
manually operated 3-sided revolving tower, mounted 
on top of a raised signal cabin, and operated by a 
tower man in the cabin to protect train movements 
on curves. The first interlocking installation by the 
Reading Railroad on record is of a mechanical 
machine that was installed at Wayne Junction in 


Based upon “Modern Signaling on the Reading Railroad” (No. 33-21) presented 
at the A.I.E.E. winter convention, New York, N. Y., Jan. 23-27, 1933. Essen- 
tially full text of the paper is presented herewith, excepting only the description 
of automatic train control which is combined with other information on this 
subject in another article in this issue. 
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1880, followed by other similar installations at most 
of the important points. The development of im- 
proved types of interlockings is best illustrated by 
noting that the Wayne Junction plant has had 4 
complete replacements of the interlocking machine 
since the original installation. The mechanical 
plant served from 1880 to 1901 when a low pressure 
air machine with pneumatically operated switches 
was installed. In 1911 the air machine was re- 
placed with an all-electric interlocking machine, 
which in turn was replaced in 1929 by an improved 
type of all-electric machine. This last change was 
made in connection with the Reading’s suburban 
electrification program. 

Automatic signals were first installed on a portion 
of the Reading’s main line in 1895. The signals were 
of the Hall disk type, which type of signal was stand- 
ard until 1902 when the first 2 arm (home and dis- 
tant) semaphore signals were installed. Following 
the advent of semaphore signaling the road’s stand- 
ard was changed to a single arm 3-position upper 
quadrant semaphore with marker light. This type 
of signal was in use until 1924 when the Reading, 
following experimental tests with various types of 
light signals, adopted the color light signal as stand- 
ard. 

As the most recent signaling installation on the 
Reading is located within its suburban electrified 
area, the following descriptions will be confined to 
this territory. 


POWER SUPPLY AND DISTRIBUTION 


The development of automatic train control and 
frequency selective track relays now commonly used 
in a-c electrified territories made necessary that 
signal frequencies be distinctive and free from the 
inductive effects of other a-c systems. To meet 
this condition a 100-cycle signal frequency is used, 
requiring converter sets at signal substations, where 
the supply frequency is converted to 100 cycles. 

Electrical energy for the operation of automatic 
signals and interlockings is distributed at 4,400 volts 
from 10 signal substations located approximately 20 
miles apart. Signal power is normally supplied from 
5 of the stations; the remaining stations are located 
at the opposite end of each normal feed power section 
automatically controlled so as to take the signal 
load in the event of a failure of the normal supply. 

Throughout all of the terminal territory the signal 
circuits are carried in a concrete encased fiber duct 
line using 2-conductor No. 2 or No. 4 lead-covered 
cable. In the outlying territory, signal lines are 
run in open wire on a wood pole line or on catenary 
structures. 

All signal substations are non-attended except the 
Wayne Junction station where 4 signal lines radiating 
from this point are energized from a 100-cycle bus. 
The standby or reserve sets are started automatically 
and closed in on the line when machine voltage builds 
up to normal. Each station is controlled by a line 
relay which prevents it from closing on the line 
when the other station is supplying power. All fre- 
quency changer sets are provided with thermal pro- 
tection on the motor and the generator has a full 
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complement of undervoltage and overvoltage relays 
checking performance; outgoing 100-cycle feed is 
protected with a manual reset overload relay. 

At Wayne Junction where there is parallel opera- 
tion of 2. 120-kva frequency changer sets feeding a 
100-cycle bus, the use of induction type motors 
necessitates special provision for synchronizing. 
During part of the day it is possible to carry the load 
with one machine, but at peak load periods the 
second machine must be operated. At the time this 
second machine is closed in on the bus the first 
machine is operating at nearly full load, its fre- 
quency being synchronous less the slip frequency. 
To compensate for the difference between the fre- 
quency of the loaded and the incoming machines, 
an arrangement is used whereby a phantom load is 
placed on the incoming machine. This provides 
control of the incoming machine, regulating its 
speed to approximately that of the operating ma- 
chine. The control circuits are arranged to drop the 
phantom load automatically when the second ma- 
chine is connected to the bus. A current compensat- 
ing circuit operating on the machine voltage regula- 
tors insures an equal division of the wattless current. 
The division of power current is, of course, deter- 
mined by the speed of the respective machines. 
The slip curves of these machines coincide very 
closely and the power current of the 2 machines is 
equal under all load conditions. 

The exacting voltage regulation required on signal 
lines makes it prohibitive to have an instantaneous 
drop in voltage when dropping one machine from the 
bus. To overcome this a circuit arrangement elimi- 
nates the current compensation and over-excites the 
machine that will remain on the bus. With this 
arrangement there is no noticeable drop in signal 
voltage in placing a machine on or off the bus. 

Transformers are 4,400/110 volt, oil cooled, of ca- 
pacities varying from 0.25 to 15 kva. No grounding 
is permitted of either the primary or secondary trans- 
mission systems, thereby isolating the signal circuit 
from the effects of other grounded systems. At 
transformer locations in open wire territory both 
lines of the 4,400-volt circuit are protected by light- 
ning arresters. A separate earth connection is run 
to the transformer shell. 

Lighting for all the smaller stations in the elec- 
trified territory is taken off the 4,400-volt 100-cycle 
signal line. Where a station lighting and signal 
connection is required at the same location a double 
secondary transformer is used, thus permitting use 
of a grounded secondary lighting circuit without 
introducing grounds in the signal circuit. 


SIGNALS 


The modern signals are all of the long range color 
light type arranged with 2 or 3 light units; light 
signal cases are ventilated, and the entire lamp unit 
and case is assembled so that the lamp filament is in 
the exact focal point of the lens system. Accurate 
alignment is procured in the field by the use of a 
portable sighting telescope. On tangent track the 
signals are focused for a long range indication. On 
curves the signal is focused to the far point of the 
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curve where the indication should first be picked up 
by the engineman. Continuous indication for ap- 
proach on curves is provided by using a 10-deg or 
20-deg deflecting prism or spread lens in which light 
rays are deflected in a horizontal plane toward the 
are of the curve. (See Fig. 1.) 

The lamp unit consists of a doublet lens with outer 
lens clear and inner lens colored. The lamp re- 
ceptacle is supported in fixed relationship to the 


lenses. Thus, lamps are interchangeable. In addi- 
DEFLECTING PRISM LENS 
COLOR LENS CLEAR SPREAD LENS 
10-VOLT CLOSE-UP PRISM LENS 
I8-WATT 
LAMP 


y CLOSE-UP PRISM LENS 
DEFLECTING PRISM LENS 


CURVATURE OF TRACK 


Fig. 1. Lens arrangement and method of focusing 


of a light signal 


Solid lines represent beam spread of clear lens 
Broken lines represent beam spread of deflecting lens 
Dotted lines represent concentrated light beam for close-up view 


tion to the doublet lens each unit has a small de- 
flecting lens held in position by a spiral spring, im- 
mediately back of the center of the front or clear lens. 
This lens is commonly called a close-up prism and 
provides an intense color display in the center of the 
signal front lens, when the train is stopped immedi- 
ately under or opposite a signal. Lamps used are 
of the double filament type rated at 10 volts, 18 watts. 
These are lighted at 9/, volts to insure a long burning 
life. 

Signals are located on masts to the right of, or on 
catenary structures, immediately over the right rail 
of the track governed. Where signals are mounted 
on catenary structures they are located 21 ft above 
the top of the rail. Ground masts are located to the 
right of the track governed, with near side of mast 
10 ft from the center line of track. Signal units of 
interlocking signals are arranged as follows: 

1. Two-unit signal. Center of red lens of bottom or slow speed 
unit 10 ft above top of the rail with 12 ft spacing to center of red 
lens in top unit. 

2. Three-unit signal. Center of red lens of bottom or slow speed 
unit 10 ft above top of rail with 7 ft spacing to middle and 5 ft middle 
to top unit. 

38. Automatic signal. Center of red lens of marker light or third 


block indication unit 10 ft above top of rail and 7 ft between red 
lens of marker and automatic signal unit. 


AUTOMATIC SIGNALS 
In general the automatic signaling is of the 3- 


indication 2-block type; however, at approaches to 
interlockings where a restricted route signal may be 
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displayed or where the spacing between automatics 
does not provide sufficient braking distance 4-indica- 
tion 3-block signaling is installed. 

Existing installations made prior to electrification 
had both polarized line or clearing and track relays. 
In electrified territory where track circuits are 
limited to the use of 2-position frequency track relays, 
recent installations have been made with neutral 
line control. This form of control is adaptable for 
future extension of cab signal territory. 

Line control circuits are normally energized, but 
the signals are lighted only during the time a train is 
in the approach block to the signal and until the 
block beyond the signal is cleared. Where more 
than one track is signaled in the same direction, 
signals for both tracks at the same location are 
lighted by the approach of a train on any one track. 

Automatic signal control provides that a stop indi- 
cation be displayed when: 


1. Train, engine, or car is in the block immediately in advance of 
the signal. 


2. Any switch or derail in block is reversed or switch points not 
fully closed in their normal position. A switch point tolerance of 
less than 1/, in. is permitted. 


3. Arailis broken, interrupting track circuit. 
4. Cars extend beyond the fouling point on sidings. 


INTERLOCKINGS 


Electropneumatic interlocking plants are installed 
throughout most of the terminal territory where fre- 
quency and speed of operation are important factors. 
However, power interlockings are not all of the 
electropneumatic type. There are a number of all- 
electric plants in service. Interlocking circuits pro- 
vide a standard arrangement of approach, sectional 
route, and detector locking. 

Approach locking is an arrangement of electrical 
control which permits changing signal from the pro- 
ceed to the stop indication, but acts to prevent any 
change of route in advance of an approaching train. 
A release is provided in the approach locking circuit 
through the medium of a clockwork time release set 
for 2-min operation. Circuits are arranged so that 
time delay must follow the change of signal from pro- 
ceed to the stop indication. 

Sectional route locking provides for the electrical 
control of detector locks on switch levers throughout 
an entire interlocking route. When the interlocking 
signal is cleared for an approaching train, all switch 
and opposing signal levers are locked mechanically 
in the machine. The electrical route locking be- 
comes effective when a train passes the signal govern- 
ing movement through the interlocking. 

Detector locking is the electrical control to the 
normal and reverse locks of switch levers which acts 
to prevent movement of switches located within 
the limits of a track circuit in which a train is located 
or within a section of route locking in advance of the 
train. 


TRACK CIRCUITS 


The operation of approach, route, and detector 
locking in interlockings and the control of both 
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interlocked and automatic signals is all based upon 
the signal track circuit. (See Fig. 2.) Track circuit 
limits are defined by insulated joints placed in the 
track rails. At one end of the circuit current is fed 
to both rails of the track from a 300-voltampere 
transformer with variable secondary voltages. At 
the other end a relay is energized from rail connec- 
tions. When a train enters the circuit, track current 
passes through the wheels of the rolling equipment 
short-circuiting the normal current path and de- 
energizing the relay. The deénergizing of the track 
relay opens the front and closes the back contacts 
over which signal circuits are controlled. All of the 
track relays used in electrified territory are of the 
centrifugal frequency type which are selective be- 
tween the 25-cycle propulsion current and the 100- 
cycle signal frequency. These track circuits are 
divided into single-rail and double-rail types. The 
double-rail circuit is used in automatic signal territory 
and requires a double coil impedance bond at each 
end of the circuit, to provide a return for the propul- 
sion current. Single-rail track circuits are used in 
interlockings where the control of route and detector 
locking requires that each signal block be divided 
into a number of short track sections. 

In the single-rail track circuit one of the rails is 
bonded straight through for propulsion current, the 
other rail being equipped with insulated track joints 
to define track circuit limits. 

The use of single-rail circuits results in a saving in 
installation costs, as the only impedance bonds re- 
quired are where the single-rail track circuits adjoin 
the double-rail type of the approach or receding track 
circuits to the interlocking. Double-rail track cir- 
cuits vary in length. Where drainage and ballast 
conditions are favorable, a maximum length of 
5,000 ft is permitted. The length of single-rail track 
circuits is limited to 1,200 ft so as to provide for 
broken rail protection. 


SwITCH OPERATION 


Power operated switches whether of the. all- 
electric or electropneumatic type are controlled 
directly from rotary circuit controllers mechanically 
connected to levers of the interlocking machine. 
This control (usually 110-volts alternating current) 
actuates a polarized controller at the switch for 
all-electric movements or an arrangement of Z 
armature electropneumatic valves on the air plants. 
Actual switch operation thereby is controlled locally 
at the switch. In the electric movement the switch 
operating circuit is energized through contacts on a 
polarized controller from the 100-volt mains. In 
the same manner air is controlled locally at the 
switch from the main air line for the pneumatic move- 
ments. In each type of switch movement, motion is 
conveyed to switch points by means of a slide bar 
carried on antifriction rollers or guides to the switch 
operating rod through an open throat jaw or escape- 
ment crank. 

The slide bar also provides a mechanical lock for 
switch points in both the normal and reverse posi- 
tions. Locking dogs riveted to the slide bar are so 
arranged that they enter a narrow slot in switch lock 
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Fig. 2. Typical single and double rail track cir- 
cuits 


rod, which is directly connected to the switch points. 
Coincident with the locking of the switch, the power 
is automatically disconnected from the operating 
mechanism and switch points held in position by the 
mechanical lock. A switch point tolerance of not 
more than °/,, in. is permitted in the adjustment of 
this mechanical lock. 

Having provided an operating control and a me- 
chanical lock for switch movements, it is clear that a 
check should be made to insure that the switch has 
followed the movement of the control lever in the 
interlocking machine and that the switch is mechani- 
cally locked. This is accomplished by controlling the 
electromagnetic switch indication lock through a 3- 
position switch repeating relay. This lock acts to 
prevent placing the switch lever in full normal or 
reverse position until the switch has completed full 
movement of points and is mechanically locked. 
The indication circuit is a polarized control of a 3- 
position 2-element vane type relay, in which a con- 
troller mounted on and actuated by movement of the 
slide bar in the switch mechanism acts as a pole 
changer to the control element of the switch indica- 
tion relay. This polarized control energizes the relay 
in a predetermined position when the switch is normal 
and to the opposite position when the switch is re- 
versed. Circuits on the controller are so arranged 
that control wires to the switch repeating relay are 
shunted during the time that the switch is in transit. 
This same polarized switch repeating relay is used 
to control the clear position of signals routing through 
the plant. 

Switch operation may be summarized as follows: 
First movement of slide bar unlocks the mechanical 
connection to the switch points and opens control of 
switch indication circuit, continued movement of 
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slide bar actuates the switch points, the final move- 
ment of bar locks switch in the opposite position and 
closes indication circuit. 


LIGHT-OUT PROTECTION 


The lightning of signals is controlled over relay 
contacts with lighting circuit energized by a special 
110/10-volt lighting transformer located in a relay 
housing adjacent to the signal. A special circuit was 
developed to check against a burnout of the lamp 
filament. The circuit arrangement provides a rec- 
tifier-controlled d-c relay in series with the lamp light- 
ing and lamp filament circuit. Through this scheme 
of control it is possible to indicate the actual lighting 
or failure of a signal lamp by the medium of repeater 
lights in the tower. 

Light-out circuits provide for the following features: 
1. Automatic transfer of lighting circuit from an approach or clear 
indication to stop, in the event of a burnout when approach or clear 


is displayed; information is repeated to towerman who can then 
clear slow-speed signal for the route. 


2. Checks that red lamp is lighted on normal route signal before 
proceed or approach indication can be displayed in restricted route 
signal. Under this circumstance the slow-speed signal may be 
cleared. 


3. Checks that all red lamps are burning when signal lever is placed 
in normal or stop position, by controlling the approach locking cir- 
cuits over lightout relays. 


MopgEL BOARD 


Manipulation charts are provided in each inter- 
locking tower indicating the proper sequence of 
switch and signal lever operation for the various 
routes. In addition to this chart, an illuminated 
model board is provided on which a complete track 
diagram indicates the location of switches, signals, 
track circuits within and the approach circuits to the 
interlocking. Track circuit limits on the model 
board are defined by colored sections of track includ- 
ing a miniature light in each section which is illumi- 
nated when that particular track section is unoc- 
cupied. Model board lights also repeat the stop and 
clear signal indications of the interlocked signals and 
in addition, the indication displayed at distant signals 
approaching the interlocking. 

With this arrangement the towerman can follow 
the movement of each train from the time it enters 
the approach section until the interlocking proper is 
cleared, and it makes possible the control of 2 or more 
interlockings from a central point. 

A summary of interlocking control in the sequence 
that it occurs follows: 


1. The approach indicator and annunciator bell indicate the ap- 
proach of a train. 


2. Route is set by means of power operated switches with repeater 
lights and electric locks indicating track circuit conditions, and 
checking switch operation. 


3. Signal is cleared, mechanically locking all switches and opposing 
signals in route, approach electric locking becomes effective, indica- 
tion of interlocking home and the distant signal is repeated in the 
tower. 


4. Train passes interlocked signal releasing approach locking; sig- 
nal lever may now be returned to stop position, sectional route and 
detector locking becoming effective. 


5. Release of route and detector locking in the rear of a passing 
train permitting a change in route for another move. 


How Much Light? 


An answer to the question of how much 
light should be used in the United States 
to give the proper level of illumination is 
given in this article. Based upon as- 
sumed values of illumination for various 
purposes, and upon an analysis of popula- 
tion, figures are derived which show the 
percentage of light used in terms of the 
desirable value. 


ike PERCENTAGE saturation of 
the United States in artificial light is estimated ap- 
proximately by the figures presented in this article. 
This saturation is given in terms of the estimated 
energy now used for lighting, divided by the amount 
of energy required to give certain desirable levels of 
illumination. Exactness is impossible, both because 
the ideal lighting levels for different kinds of human 
activity are still a matter of dispute among experts, 
and because accurate figures are not obtainable for 
the average daily hours of eye work of different 
kinds on the part of the average American. 

In the preparation of these estimates there is as- 
sumed a statistical entity, the average family. The 
daily activities and surroundings of this average 
family then are divided, so far as artificial light is 
concerned, into 3 groups: 

1. Those requiring what will be called work illumination, such as 


reading, writing, sewing, kitchen work, office work, skilled factory 
work, and salesrooms in stores. 


2. Those requiring what will be called social illumination, such as 
eating, dressing, social activities at home, office reception rooms, 
unskilled factory work, and places of public assembly such as hotel 
lobbies. 


3. Those requiring what will be called utility illumination, such as 
halls and passages in homes, storage rooms and warehouses, factory 
yards and passages, and city streets. 


The criterions for these 3 classifications are roughly 
as follows: For work illumination the criterion is an 
amount of light sufficient for rapid and accurate read- 
ing of ordinary newspaper type (7 point) at the usual 
reading distance of approximately 18 in. and without 
notable eye strain on the normal eye. For social 
illumination the criterion is what might be called the 
conversational lighting level; that is, the amount of 
light necessary to recognize without difficulty the 
facial expression of another person at a distance of 
10 to 15 ft. This is approximately equivalent to the 
light necessary to recognize the faces and spots of 
playing cards with ease at the average distance of a 
table top from the player’s eye. For utility illumi- 


Based upon ‘“‘How Much Light?”’ presented before the Institute’s New York 
Section by Frank W. Smith, chairman, lamp committee, National Electric Light 
Association; EE. Free, consulting engineer; and Arthur E. Allen, vice-presi- 
dent, Westinghouse Lamp Company, on December 18, 1929, and subsequently 
brought up to date as of September 18, 1933, by the Institute’s committee on the 
production and application of light, under the chairmanship of J. W. Barker. 
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nation the criterion is the lighting level necessary for 
recognition of the identity of a reasonably familiar 
person at a distance of 15 to 20 ft. 

Lighting levels necessary to produce these 3 de- 
grees of effective illumination are then computed, 
taking into account 4 different grades of lighting, 
ranging from the lowest levels believed permissible 
for good practise up to the highest which conceivably 
might be advisable. These 4 grades of lighting may 
be specified as follows: 


1. Minimum ‘‘good practise’ according to present lighting stand- 
ards and ideas. 


Table I—Summary of Assumed Lighting Levels for Good 
Seeing 


Work Social Utility 
Illumination Illumination Illumination 


Minimum ‘‘good practise’ at present ....15 ft-c....... 5 ft-Cotetels > 3 ft-c 
Minimum recommended levels.......... SOMt=C eee LOfteCw. ne... 5 ft-c 
Probable levels of greatest economic 

AAV antag es comy, tellers: Meme eet sts SO ft-eN ees Poritee heer 5 ft-c 
Possible desirable levels from eye con- 

Siderations Onlysicrcmtetstanteue emai S00 ft-Cr cere. BOMt-C:8acesiero 30 ft-c 


2. The minimum level recommended by this group of inquirers, 
under existing economic conditions and taking into account both 
present-day lighting engineering and the physiologic characters of 
the human eye. 


3. The level of what might be called the greatest economic advan- 
tage; that is, the lighting level beyond which further increases in 
light probably would not produce increases in health or efficiency 
consonant with the increased cost. This, it is obvious, is the econo- 
mist’s ‘‘point of diminishing returns.” 


4. The maximum level desirable from considerations of eye physi- 
ology only, without reference to economic considerations or to engi- 
neering practicability. 


This framework provides, it is apparent, 12 differ- 
ent basic figures for lighting levels; one for each of 3 
human activities demanding different degrees of 
light combined with each of 4 grades of lighting 
considered practicable or desirable. The 12 different 
foot-candle levels thus decided upon then will be 
translated by standard methods into watthours for the 
human activities concerned, into kilowatt-hours for 
the hypothetical average family and, in turn, for the 
United States. 


THE LIGHT NEEDS OF THE EYE 


The fundamental lighting level necessary for good 
seeing by the average human eye under any specified 
conditions (such, for example, as those above re- 
ferred to) might be determined theoretically in any 
or all of 6 different ways: 


1. Experiments on visual acuity at different levels of illumination. 


2. Tests of “work samples” under experimental conditions. 


8. Experience under actual working conditions. 


4. Figures now accepted by experienced lighting engineers as 
“good practise”’ levels. 


5. Computations from the characteristics of the light-perceiving 
elements (rods or cones) in the retina of the eye. 


6. Comparison with average outdoor lighting levels in daylight. 


Investigations by leading scientists confirm the 
finding that within reasonable limits of uncertainty, 
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visual acuity increases very rapidly with increase of 
illumination up to between 10 and 20 ft-c. There- 
after there is a lesser but still important increase up 
to about 100 ft-c. . There may be further increases in 
average acuity for increases of illumination above 
100 ft-c but so few experimental investigations 
have been made that nothing is known with cer- 
tainty. 

A number of ‘‘work samples” tests have been con- 
ducted and, in addition, investigations made under 
actual operating conditions. The results all in- 
dicate a marked increase in accuracy and speed up to 
between 20 and 30 ft-c. Beyond 30 ft-c there are 
still evidences of increase. 

Comparisons of indoor lighting levels with outdoor 
daylight levels under which the eye is supposed to 
have evolved would be another highly desirable 
method of attacking the problem could one be cer- 
tain of the precise conditions of human evolution in 
the past and of the degree, if any, to which modern 
life has altered eye characteristics. Full sunlight 
probably averages about 10,000 ft-c. Ordinary out- 
door illumination, in the shade, averages between 
500 and 1,500 ft-c depending on the weather. It is 
probable that primitive man never did any eye work 
except in levels of illumination well above 100 ft-c. 
About 500 ft-c may have been a reasonable average 


Table II—Classes of Persons in the Average Family 


——— 


Per Cent of Number in 
Population Average Family 
Infants (dideriD yt) ae ees <a one cir RE Ue arse see 0.43 
School children (5-14 yr)..:....... LO OR Ra ertye fers 0.93 
Workin? adults: sovetouers sees er CVU a penne, 1.88 
HTOUSE WIVES crrtisrers slawictat see ei aveaesers GC) LA Rs Sig aro cio Bid 1.45 
SOC. csv suavene ninco eteeageds yous Scie NOOO Rares. -scvet sys 4.69 


for the evolution of skill at close eye work such as 
the manufacture of stone weapons. . Man’s eye prob- 
ably has been developed for accurate seeing under 
illumination levels between 100 and 500 ft-c. 

In summary, ideal illumination for best seeing is 
certainly not under 30 ft-c but probably over 100 
ft-c. On the basis of scientific studies the prescrip- 
tion of illumination level for the most accurate and 
easy seeing would be approximately 300 ft-c for 
any kind of fine work. Based on the facts outlined, 
the 12 separate levels of illumination for the 3 types of 
human activity and the 4 illumination grades may be 
assumed as in Table I. 


THE AVERAGE FAMILY 


Quite different meanings are applied in different 
statistical tabulations to the word ‘“‘family.”’ Ac- 
cording to the census, the average size of the Ameri- 
can family is 4.3 persons, while eugenists and persons 
interested in heredity, compute the size of the Ameri- 
can family as from 2.5 to 3.5 persons. For the 
present inquiry, the idea of the average family is 
closer to the census definition than to the eugenist 
definition. But since the census definition leaves 
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over 10,000,000 persons in the United States un- 
accounted for, it seems fairer to include all persons in 
the United States in the family computation dividing 
these persons into hypothetical average families in 
accordance with the total number of such families. 

To provide some idea of the number of such 
families, the following basic data are available. 
There are probably at present a total of 23,000,000 
occupied dwellings. Another datum is the number 
of married women and widows in the United States, 
which total almost 31,000,000. The number of 
families in the United States according to the census 
is about 25,000,000. 

Taking all these data into account, the present 
total number of families in the United States is 
probably about 26,000,000. The total population 
of the United States is at present a little over 122,- 
000,000 individuals. Dividing this by the estimated 
number of families, gives for the statistical average 
family 4.69 persons. 

It is now necessary to divide the persons of this 
statistical average family into classes roughly in 
accordance with their occupations and habits of 
living. Four classes have been selected; infants, 
school children, working adults, and housewives. 
According to the census of 1930, persons under 5 
years of age equal 9.1 per cent-of the population. 
These may be taken as equivalent to the class of 
‘fnfants.” Persons between 5 and 14 years of age 
equal 19.9 per cent. These may be taken as equiva- 
lent to the class of ‘“‘school children.” The adult 
population, being all those over 15 years of age, equal 
71 per cent of the population. It is necessary to 
divide this percentage into the 2 classes of “‘workers”’ 
and “‘housewives.’”’ In 1926, a normal year, about 
40 per cent of the total population were gainfully 
employed. Assuming this figure and subtracting it 
from the 71 per cent of total adults leaves 31 per cent 
for the classification of “housewives.” 

The 4.69 persons in the statistical average family 
may then be distributed in accordance with these 4 
percentages to yield Table II. 


Table Ill—Light-Hour Needs of Individual Members of 
Average Family 


Work Social Utility 
Illumination Illumination Illumination 


Daily Person-Hours 


Infants 

WSCUNGOIE, (CEC arate ce, a velase, ci devs hielo aca ai wi om tome terotaialels OO cs. Seevacet 

School Children 

Homework and reading.......... VB Qe ners savanie oahe wetahe e ieceltoe hers 

Mealstand! soctalin crass sveyole a taser eters ore eieer as ZOO sere ae 1.00 

TNESCHOOLSssrerecteraceniexeee worxxeinierarete sf ORG DE Aeon oa O50 ertecke 1.00 
Dis OO eter cone PADS 65m OA 2.00 

Working Adults 

Dressingratlduiiildressitign icici cste clelreieneileinie OBO Rs cge lemurs 

IWiorke Aamir onacts ere wis! wayoiie re auerec 2AO0N erecta SOOM seemed: 3.00 

WiealsvatidsSOctal os a.icelels\ oo susie ous etauers vearopenersiorete 2) OOo aectenete 5.00 

FVOMESCACIN Reresere a siecesielss 4) vel aeehe OBO sea siete eialecane ahve ataaskelecolere 
DSO was tare DROOS rie sles 8.00 

Housewives 

Dressing anduindressinig ei jarn iis stereos cer OBO NS caicteresesetetens 

WY Gt knrops nape cher exsterevatitans ane: yeierd SaOO ee ceerersier ZOO areca teserens 3.00 

WMealstatid social 5 area vtevectersictsnicyale tier al olausicvetel ete 2 OO cjererartarets 5.00 

Wl Omeweaditi geese pistes tera <te OBO re kevehayel oreyerce nye cnearecare rel eteneren 
SOO sreteis vessels 4) GOR se onto 8.00 
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Table IV—Light-Hour Needs of ‘‘Average Family” 


—=— 


Persons in # 
Family (From Work Social Utility 
Table II) Illumination Illumination Illumination 
Total Daily Person-Hours 
EL PANT US sre cote eye stein) are anesthe ove aves Oi atc note cet. aCe ODES anes eke eeks 
Schoolehildtent. 02. 208. oes QOS estore Ue SGne aoe PIE BV AE SONA Pee te 1 86 
WG SEO UC 2, Se eens Sie ee cieee Ontoto mies Beier’ tar Denese LOc3S heer 15.04 
TIGNES Gh go ee a TEAS Cee ee AD OG) ern one BeDas0 ee eae 11.60 


The next step is the computation of the needs of 
the average family for hours of artificial light per day 
dividing this computation into 3 grades of illumina- 
tion, ‘‘work,”’ “‘social,”’ and ‘“‘utility,’’ as referred to 
previously. The basic assumption is that each 
individual, whether in his or her working place or 
merely moving about the house, office, or city, is 
supposed to be provided with an area of illumination 


sufficient for the occupation being followed at that 


moment. These figures, based upon general infor- 
mation plus such statistics as are available for 
school-child hours, working hours, and so on, are 
given in Table III. 

In computing the figures of Table III account has 
been taken of the variations of daylight in different 
parts of the United States for different months of the 
year and also, so far as possible, of lost daylight in 
cities due to smoke and close building. A summary 
for the statistical ‘‘average family” is given in Table 
IV. 

This distribution of activities and needed light- 
hours may now be applied to the total number of 
families in the United States able to use electric 
light. There are at present almost 20,000,000 wired 
homes in the United States. Allowing for exten- 
sions of electric service which are economically 
justifiable, it probably is reasonable to assume a 
saturation figure of 22,000,000 average families as 
above defined reachable by electric current for 
lighting purposes. On this basis the light-hours 
needed in the continental United States, based upon 
the preceding assumptions and computations, may 
be summarized as Table V. 


Licut NEEDS IN KILOWATTHOURS 


The first step in translating these figures from light- 
hour needs into needs of electricity is the translation 
from foot-candles into lumens and thence into watts. 
In theory, it might be sufficient to illuminate only 
the article looked at; for example, a book under a 
reading lamp. On this basis relatively few lumens 
would be required to produce even 100 ft-c. How- 
ever, the relatively high levels of illumination which 
the human eye apparently needs cannot be provided 
satisfactorily without close attention also to the 
matter of glare. It is probable that future lighting 
practise will insist more and more on a reasonably 
even level of illumination for the entire interior of 
working rooms, offices, and rooms for reading or other 
close work at home. A fair average of floor space 
(which is the same as working-level space) in homes 
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Table V—Computation of Light-Hours Necessary for the 
Continental United States 
Utility 
Illumination 


Social 
Illumination 


Work 
Illumination 


Daily hours per fam- 


ily (Baple TV) thera nectar LRG Arm va wispere ee tetas 1ONOL he eee ee 28.50 
Daily hours per 22,- 

000,000 families......... 256,080;000........ 431,420,000...... 627,000,000 
Annual hours per 22,- 

000,000 ‘families, 

365 days............ 93,500,000,000.... 157,500,000,000. . . 229,000,000,000 


Table Vi—Light Needs of the Continental United States 
Expressed in Electric Energy 


—— 


Millions of Kilowatthours per Year 


Work Social Utility 
Iilumina- I[lumina- Ilumina- 
tion tion tion Total 

Minimum good practise at present 12,300..... LA AQO kee 40;500. 2. 70,200 
Minimum recommended levels... 24,600..... 34,800..... 67,400..... 126,800 
Probable level of greatest eco- P ‘ 

nomic advantage........., schist L LOOM. 52° 200seees 67,4005. 160,700 
Possible desirable levels from 

eye consideration only......... 246,000..... 174,000..... 405,000..... 825,000 


and offices is probably about 60 sq ft per individual, 
which means 4 persons in a room 15 ft square. 
Taking the usual rule of doubling the needed lumens 
to compute the generated lumens, this means the 
necessary emission of 120 lumens, on the average, 
for each foot-candle of illumination at the level 
here referred to as work illumination. 

For social illumination, while the lighting level is 
lower, the area which must be illuminated is greater, 
since 1 or 2 persons frequently occupy a room large 
enough for 8or 10. Probably an average illuminated 
area of 150 sq ft per person is a reasonable assumption 
for this group of human activities; covering an allow- 
ance, also, for the considerable percentage of such 
rooms left illuminated at this intermediate level 
while no one isin them. On the same assumption as 
before this would mean 300 emitted lumens for each 
useful foot-candle. 

For utility illumination the area to be illuminated 
is again larger and a still larger allowance must be 
made for rooms, like halls and passageways, which 
should be illuminated almost continuously even if 
not occupied. A total of 400 sq ft of illuminated 
area per person does not seem an excessive allow- 
ance, account being taken of the necessity that no 
dim, unlit corners be left as accident hazards in 
factories and under similar circumstances. This 
would equal 800 emitted lumens for each useful foot- 
candle. 

These values now may be converted into electrical 
energy by the factor of 13.6 lumens per watt given 
in the 1932-33 report of the lamp committee of the 
National Electric Light Association. The results 
are: for work illumination 8.8 watts per foot-candle; 
for social illumination 22.1 watts per foot-candle; 
for utility illumination 58.8 watts per foot-candle. 

It is now possible to combine Table I, Table V, and 
the figures just given to compute the country’s 
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needs of light, in kilowatthours per year, on the 
different bases of illumination and of human activity 
specified in Table I. The results of this computa- 
tion, in millions of kilowatthours per year, are given 
in Table VI. 


SATURATION 


To compute from the figures of Table VI the per- 
centage saturation of the United States, the addi- 
tional figure needed is the present use of electric 
energy for light. The latest figures giving actual 
sale of electric energy for the production of light are 
those of the census of manufacturers of 1922. At that 
time the sale of energy for light was 9,982,676,000 
kilowatthours per year. This has increased notably 
since 1922. 

One way of computing the increase is from figures 
prepared annually by federal power commission and 
giving the total electricity generated for all purposes 
in the United States. This figure in 1922 was ap- 
proximately 48 billions of kilowatthours. At present 
electricity is probably being generated at the rate of 
approximately 90 billion kilowatthours per year. 
This is an increase of approximately 100 per cent since 
1922. Applying this rate of increase to the ap- 
proximate 10 billion kilowatthours sold for light in 
1922, the present consumption of electricity for light 
is indicated as approximately 20 billion kilowatt- 
hours per year. Consumption of electricity in 
other directions, especially in transit and railway 
electrification, probably has increased in somewhat 
greater ratio than has the lighting load. However, 


to be as conservative as possible in computing the 
saturation figures, it is proposed to accept the round 
figures of 20 billion kilowatthours per year as the 
present consumption of electricity for lighting pur- 
poses in the United States. 

Based on this figure and the data of Table VI, the 
light saturation percentages at present, on the basis 
of the 4 assumed levels for the use of light, are given 
approximately in Table VII. 


Table Vil—Approximate Percentage Saturation in Arrti- 
ficial Light, on Different Bases 


Mainimttm good practise at present ......0¢ 5.6 ac vee cee ee eee 28% 
Minimum recommended levels? 277.04 vi i i ks de ct eee 16% 
Probable level of greatest economic advantage.................05. 12% 
Possible desirable levels from eye considerations only............. 2.4% 


ACCURACY OF THE COMPUTATION 


There is no claim that these figures are more than 
very rough approximations, to be published only in 
the hope that publication may induce the collection 
more complete and accurate data. The present 
saturation on the continental United States in 
artificial light on the basis of a lighting level believed 
to offer the greatest economic advantage may be as 
low as 8 per cent or as high as 20 per cent, instead 
of the Iéper cent figure of Table VII. It seems legs 
important to the lighting industry, however, to 
reach an exact figure for this percentage than it is 
to realize that any correct figure must be extremely 
low. 


Lighting of the Grand Foyer of the Radio City Music Hall, New York 
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LUMINAIRES which are 
modern in design, simple, and 
dignified in effect, illuminate 
the grand foyer of the Inter- 
national Music Hall, part of 
the Radio City group, New 
Votk, (N:) Y. “The 925 jaree 
chandeliers, one of which is 
shown in this view, are each 
approximately 29 ft long and 
weigh 2 tons. There is an 
inner cylinder of heat resist- 
ing molded glass, 16 ft long 
and 2 ft in diameter, sur- 
rounded by an outer ring of 
grooved glass tubes which are 
also heat resisting. Within 
the cylinder are 98 outlets with 
40-watt lamps. The 6 large 
wall units are of the same 
general material, each bracket 
being designed for 1,300 watts 
and having a weight of ap- 
proximately 950 Ib. Un- 
usually good illumination is 
secured on the huge mural. 
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News 


Of [nstitute | Related Activities 


Nomination of A.I.E.E. Officers for 1934 Election 
Members Invited to Submit Suggestions by Nov. 15 


For THE nomination of national 
officers to be voted upon in the spring 
of 1934, the A.I.E.E. national nominating 
committee will meet between November 
15 and December 15, 1933. To guide 
this committee in performing its con- 
stituted task, suggestions from the mem- 
bership of course are highly desirable. To 
be available for the consideration of the 
committee, all such suggestions must be 
received by the secretary of the committee 
at Institute headquarters, New York, N. Y., 
not later than November 15, 1933. In 
accordance with the provisions of the 
constitution and by-laws, quoted herewith, 
actions relative to the organization of the 
national nominating committee now are 
under way. 


Constitution 


28. There shall be constituted each year a national 
nominating committee consisting of one representa- 
tive of each geographical district, elected by its 
executive committee, and other members chosen by 
and from the board of directors not exceeding in 
number the number of geographical districts; all 
to be selected when and as provided in the by-laws; 
the national secretary of the Institute shall be the 
secretary of the national nominating committee, 
without voting power. é 

29. The executive committee of each geographical 
district shall act as a nominating committee of the 
candidate for election as vice-president of that 
district, or for filling a vacancy in such office for an 
unexpired term, whenever a vacancy occurs. 

30. The national nominating committee shall 
receive such suggestions and proposals as any 
member or group of members may desire to offer, 
such suggestions being sent to the secretary of the 
committee. 

The national nominating committee shall name on 
or before December 15 of each year, one or more 
candidates for president, national treasurer, and the 
proper number of directors and shall include in its 
ticket such candidates for vice-presidents as have 
been named by the nominating committees of the 
respective geographical districts, if received by the 
national nominating committee when and as pro- 
vided in the by-laws; otherwise the national nomi- 
nating committee shall nominate one or more 
candidates for vice-president(s) from the district(s) 
concerned. 


By-laws 


Sec. 22. During September of each year, the 
secretary of the national nominating committee 
shall notify the chairman of the executive com- 
mittee of each geographical district that by Novem- 
ber 1 of that year the executive committee of each 
district must select a member of that district to 
serve as a member of the national nominating 
committee and shall, by November 1, notify the 
secretary of the national nominating committee 
of the name of the member selected. 

During September of each year, the secretary of the 
national nominating committee shall notify the 
chairman of the executive committee of each geo- 
graphical district in which there is or will be during 
the year a vacancy in the office of vice-president, 
that by November 15 of that year a nomination for 
a vice-president from that district, made by the 
district executive committee, must be in the hands 
of the secretary of the national nominating com- 
mittee. 

Between October 1 and November 15 of each year, 
the board of directors shall choose 5 of its members 
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to serve on the national nominating committee and 
shall notify the secretary of that committee of the 
names so selected, and shall also notify the 5 
members selected. 
The secretary of the national nominating committee 
shall give the 15 members so selected not less than 
10 days’ notice of the first meeting of the committee, 
which shall be held not later than December 15. 
At this meeting, the committee shall elect a chair- 
man and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next 
election. All suggestions to be considered by the 
national nominating committee must be received 
by the secretary of the committee by November 15. 
The nominations as made by the national nominat- 
ing committee shall be published in the January 
issue of ELECTRICAL ENGINEERING, or otherwise 
mailed to the Institute membership during the 
month of January. 

(Signed) H.H. HENLINE, 


October 1, 1933. National Secretary 


Power System Control 
at Panama Canal Zone 


The electric power system serving the 
Panama Canal Zone is now controlled by 2 
dispatchers operating supervisory control 
equipment which replaces the manual 
operators and the telephone dispatching 
formerly used. An average of 3,000 opera- 
tions per month are performed by this 
equipment, and operation, especially under 
emergency conditions, has been improved. 

The main power supply for the Canal 
Zone is at Gatun Dam, where there is a 
hydroelectric power station of 13,500 kw 
capacity, with provision for future ex- 
tension to 22,000 kw capacity. There also 
is a diesel-electric generating station at 
Miraflores with 3 units totaling 7,500 kw 


. capacity, used for emergency and as peak 


load generation. There is now in construc- 
tion a second hydroelectric station, located 
at Madden Dam, which will have an initial 
capacity of 16,000 kw. 

Transmission to the various load centers 
on the Isthmus is over a 2 circuit 3-phase 
25-cycle 44-kv transmission line about 46 
miles long. A spur line of similar rating 
and 12 miles long extends to the Madden 
hydroelectric station which is now under 
construction. The principal substations 
are at Gatun and Miraflores, and at the 
Atlantic and Pacific ends of the canal. 
A few smaller substations are connected to 
the transmission lines at intermediate 
points. 

The power apparatus at these various 
points is remotely controlled and super- 
vised by a supervisory control system 
manufatured by the Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa., and operating over a few small 


wires similar to those used for telephone 
purposes. Prompt and accurate response to 


' dispatcher’s orders is obtained, and quick 


sectionalizing of faults and prompt restora- 
tion of service under emergency conditions 
is made possible by this control. Different 
types of supervisory control are used, de- 
pending upon the service to be performed at 
the different stations; the 2 types in greatest 
use at the Canal Zone are known as the 
synchronous-visual and the visicode types. 


Bulletin on Industrial Research Lab- 
oratories Available. The 5th edition of 
“Industrial Research Laboratories of the 
United States Including Consulting Re- 
search Laboratories,’ bulletin 91 of the 
National Research Council, is now available. 
This report includes a list of about 1,575 
laboratories, including an analysis of the 
research staff, names of the directors, and 
type of research activities undertaken. 
A geographical distribution of these labo- 
ratories is included, as well as a subject 
classification of the laboratory activities. 
An analysis of some of the information 
obtained in this bulletin was given in 
ELECTRICAL ENGINEERING for September 
1933, p. 641. The bulletin may be obtained 
from the National Research Council, 2101 
Constitution Avenue, Washington, D. C., 
at a price of $2.00. 


Business Trends 
Analyzed in Recent Report 


Following are quotations taken from the 
current report of the National Industrial 
Conference Board, New York, N. Y., which 
indicate some of the recent trends as de- 
termined by that organization’s conference 
of statisticians in industry: 

“A decline in general business activity 
was experienced in August 1933 and the first 
half of September after a succession of ad- 
vances from March through July. Between 
the second week of August and the second 
week of September productive activity 
lost further ground. 

“Production in the major industries 
moved generally downward in the last 6 
weeks. Automobile output declined in 
August and the first half of September 
from the July level of activity. Building 
and engineering construction on the other 
hand showed a sharp gain, with sudden in- 
creases in public construction contract 
awards overshadowing declines in residen- 
tial and non-residential construction. Steel 
output fell off sharply, although pig iron 
production advanced. Bituminous coal 
production gained more than seasonally in 
recent weeks. Textile production fell off 
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more than seasonally in August. Electric 
power output advanced less than seasonally 
in August and fell off in the first half of 
September. 

“The total distribution of commodities 
by rail advanced less than a seasonal amount 
in August as compared with July and 
tapered off in September, when an addi- 
tional gain is usually seasonal. Shipments 
of merchandise and miscellaneous items that 
reflect the primary distribution of finished 
goods fell off in August and the early part 
of September when increases are seasonal. 
Retail sales by department stores, on the 
other hand, showed a sharp gain, of more 
than usual seasonal proportions. Depart- 
ment store prices advanced sharply between 
July and August. 

“Prices of commodities at wholesale 
advanced again in August and continued 
to move up during the first half of Septem- 
ber. Farm products and foods declined in 
August as compared with July while textiles, 
metals, building materials, fuels, and miscel- 
laneous items advanced. Farm products at 
wholesale showed a tendency to advance 
during the second week of September. 
Prices of farm products received by farmers 
fell off between the middle of July and the 
middle of August while prices paid by 
them advanced. 

“The cost of living advanced 2.3 per 
cent between July and August to a level 
7.5 per cent above the low point in April 
and was on a par with the cost of living in 
August, 1932. Food prices at retail ad- 
vanced 1.8 per cent between July and 
August; rents were stationary; clothing 
advanced 9.5 per cent; fuel and lighting, 
2.0 per cent; and sundries, 1.6 per cent. 

“Common stock prices in August were 
slightly lower than in July because the slow 
upward movement during the month was 
insufficient to compensate for the drop 
during the middle of July. Bond prices 
followed a similar course. During the 
first half of September the upward move- 
ment was cautiously continued. The 
money market showed a slight downward re- 
vision in rates. Increased open market 
operations on the part of Federal Reserve 
Banks were in evidence in the first half of 
September. 

“Commercial failures in August showed 
an upturn in both number and extent of 
liabilities incurred. The wunseasonal in- 
crease in number came after several months 
of unusually low levels. Liabilities in- 
curred, mounting sharply, made up in 
August for the low levels of preceding 
months. A slackening in failures was felt 
in the first half of September. 

“Employment in manufacturing industry 
in August advanced 6.4 per cent over the 
July level. Factory payrolls advanced 11.6 
per cent. In normal years only a slight in- 
crease is observed between July and August 
in employment and payrolls in manufactur- 
ing industry. Since the low point in March 
employment has advanced 30 per cent, 
payrolls advanced 55 per cent. Prelimi- 
nary estimates indicate little or no change 
in weekly earnings per worker in August, 
a decline in hours almost entirely compen- 
sating for a rise in hourly earnings. 

“The downturn in business activity in 
August and the first half of September was 
largely of the nature of a decline in produc- 
tive output in outstanding major industries 
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Shipments of freight did not advance in 
accordance with seasonal expectations. 
Distribution to the consumer, on the other 
hand, moved up sharply during the month 
with department store sales passing seasonal 
expectations.”’ 


Modernization 
of a Fountain 


The fountain in the plaza of the City of 
San Diego, Calif., presented to the city 
in 1911 by its mayor, has been modernized. 
Originally it was lighted by ordinary incan- 
descent lamps placed under glass domes and 
under pools around the bases of the col- 
umns. Water caused trouble with the 
wiring, and the system was finally discon- 
nected. 

Now a motor driven flasher and 20 under- 
water floodlights, all of General Electric 
manufacture, have been installed. Four 
floodlights with clear lenses are in the roof; 


8 with alternate green and blue lenses are 


in the pools below the columns; and the 
other 8, with alternate red and amber lenses, 
are under the sprays in the center, with their 
beams engaging the spray at 5 deg. Each 
floodlight has a 250-watt Mazda lamp. 


Technical Board 
of Review of PWA 


Appointment of 12 members of the tech- 
nical board of review of the U.S. govern- 
ment’s Public Works Administration has 
been announced by Administrator Harold 
L. Ickes. This group of engineers will con- 
sider the qualifications of particularly diffi- 
cult or controversial projects which are 
referred to it by the administration for re- 
view and will also serve in a quasi-judicial 
capacity and hold open hearings on projects 
when public opposition develops and such 


hearings are required. It will further ful- 
fill the functions of a court of appeal on 
request of the administration. 

Col. Carey H. Brown will serve as acting 
chairman of the technical board of review. 
Other members of the board, none of whom 
happens to be a member of the A.I.E.E. 
are as follows: 


David C. Coyle, New York, N. Y. 
Howard P. Emerson, Washington, D. C. 
Harrison P. Eddy, Boston, Mass. 

Philip W. Henry, New York, N. Y. 
Malcolm Pirnie, New York, N. Y. 
Frederick H. Fowler, San Francisco, Calif. 
W. H. Horner, St. Louis, Mo. 

Richard S. Buck, Crozet, Va. 

Samuel A. Greeley, Chicago, Ill. 
Clarence A. Dykstra, Cincinnati, Ohio. 
Irving B. Crosby, Boston, Mass. 


Science Advisory Board 
Appointed by President 


A science advisory board has been created 
by President Roosevelt to assist the govern- 
ment with its scientific problems. This 
board will act as a part of National Re- 
search Council which was created at the re- 
quest of President Wilson in 1916. Presi- 
dent Roosevelt’s executive order says in 
part “‘there is hereby created a science ad- 
visory board with authority, acting through 
the machinery and under the jurisdiction 
of the National Academy of Sciences and 
the National Research Council, to appoint 
committees to deal with specific problems in 
the various departments.’’ The science 
advisory board will consist of the following 
members, who are appointed for a period 
of 2 years: 

Karl T. Compton (F’31) chairman, president, Mas- 
sachusetts Institute of Technology. 


W. W. Campbell, president, National Academy of 
Sciences, Washington, D. C. 


National Research 
American Geographical 


Isaiah Bowman, chairman, 
Council, and director, 
Society, New York, N. Y. 


Gano Dunn (A’91, F’12, past-president, and life 
member) president, J. G. White Engineering Cor- 
poration, New York, N. Y. 


Frank B. Jewett (A’03, F’12, and past-president), 
vice-president, American Telephone and Tele- 
graph Company, and president, Bell Telephone 
Laboratories, New York, N. Y. 


Charles F. Kettering (A’04, F’14), vice-president, 
General Motors Corporation, and president, Gen- 
eral Motors Research Corporation, Detroit, Mich. 


C. K. Leith, professor of geology, University of 
Wisconsin. 


John C. Merriam, president, Carnegie Institution 
of Washington, D. C. 


R. A. Millikan (M’22, HM’33) director, Normal 
Bridge Laboratory of Physics, and chairman of the 
executive council, California Institute of Tech- 
nology, Pasadena. 


International Office of Chemistry Or- 
ganized. Announcement has been made 
of the organization of the International 
Office of Chemistry, formed by representa- 
tives from the principal countries in Europe, 
for the purpose of documentation of the 
large amount of published information in 
the field of chemistry. It is the aim of this 
organization to assist in classifying and 
making more readily available all types 
of information on chemistry. The office 
of the organization is 49, Rue des Mathurins 
Paris 8E, France. 
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Engineers’ Council for 


Professional Development Now Fully Organized 


Dorinc the year following the organi- 
zation meeting of the Engineers’ Council 
for Professional Development held Oc- 
tober 38, 1932, a definite program has 
been adopted and the 4 committees neces- 
sary for the carrying out of this program 
have been appointed. Seven national en- 
gineering organizations have ratified the 
plan and are coéperating actively toward its 
fulfillment. A sound foundation has been 
laid for the more tangible accomplish- 
ments which may confidently be expected to 
follow, 

The Engineers’ Council for Professional 
Development is an organization of tre- 
mendous importance to all engineers. It is 
largely the result of a feeling which has been 
growing within the professional engineering 
societies that a joint body could do much 
toward enhancing the professional stand- 
ing and the personal welfare of the members 
of the societies. Paralleling this feeling 
there have been several efforts working 
toward the licensing of engineers by state 
legislation. It was with the hope of co- 
ordinating these various impulses that the 
Engineers’ Council for Professional De- 
velopment was started on its organization. 
The initial program proposed by the 
E.C.P.D. Engineers’ Council for Profes- 
sional Development was stated as follows: 


“First, to develop further means for educational 
and vocational orientation of young men with re- 
spect to the responsibilities and opportunities of 
engineers, in order that only those may seek en- 
trance to the profession who have the high quality, 
aptitude, and capacity which are required of its 
members; 


“Second, to formulate criterions for colleges of 
engineering, which will insure to their graduates a 
sound educational background for practising the 
engineering profession; 


“Third, to develop plans for the further personal 
and professional development of young engineering 
graduates, and a program for those without formal 
scholastic training; 


“Fourth, to develop methods whereby those en- 
gineers who have met suitable standards may re- 
ceive corresponding professional recognition.” 


PARTICIPATING SOCIETIES AND COMMITTEES 


The 7 participating societies which have 
ratified the plan of the Engineers’ Council 
for Professional Development are the 
American Society of Civil Engineers, The 
American Society of Mechanical Engineers, 
the American Institute of Electrical Engi- 
neers, the American Institute of Mining and 
Metallurgical Engineers, the American In- 
stitute of Chemical Engineers, the Society 
for the Promotion of Engineering Educa- 
tion, and the National Council of State 
Boards of Engineering Examiners. Each of 
these societies is represented on the council 
by 3men. Representatives of the A.I.E.E. 
are C. O. Bickelhaupt (M’22, F’28), L. W.W. 
Morrow (A’18, F’25), and C. F. Scott 
(A’92, F’25, HM’29). 

At the organization meeting, C. F. 
Hirshfeld (A’05), a representative of the 
A.S.M.E., was elected chairman pro tem, 
and C. E. Davies, a representative of the 
A.S.M.E., was elected secretary pro tem. 
The interim executive committee which 
organized the other committees and de- 
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veloped rules and procedure consists of: 
J. V. Davies, A.S.C.E.; W. E. Wickenden 
(A’07, M’13) A.S.M.E.; C. F. Scott (A’92, 
F’25, HM’29) A.I.B-E.; H. ©. Parmelee; 


INVEST ID, 1k; WGeraisl, AICI es IR A 
Rees, S.P.E.E.; D. B. Steinman, N.C.S. 
B.E.E.; with C. F. Hirshfeld and C. E. 


Davies, ex-officio members. 

The personnel of the 4 committees is as 
follows: 
Committee on Student Selection and Guidance. 
R. L. Sackett, chairman, H. P. Eddy, H. N. Davis, 


O. J. Ferguson (A’05, F’13), T. K. Legaré, V. M. 
Palmer, and W. B. Plank. 


Committee on Engineering Schools. K. T. 
Compton (F’31), chairman, H. A. Curtis, P. H. 
Daggett (A’08), H. P. Hammond, E. P. Mathew- 
son, A. A. Potter, and H. S. Rogers. 


Committee on Professional Training. R. I. Rees, 
chairman, J. C. Arnell (A’28), C. Derleth, Jr., 
D. S. Kimball, R. A. Seaton, A. D. Smith, and 
W. B. Updegraff. 


Committee on Professional Recognition. C. N. 
Lauer, chairman, J. W. Barker (M’26, F’30), F. M. 
Becket, F. L. Bishop, H. C. Parmelee, J. P. H. 
Perry, and D. B. Steinman. 


The committee on student selection and 
guidance has outlined a program of ac- 
tivity, in which it has guarded against the 
danger of attracting to engineering schools 
individuals who would not be fitted for the 
study and practise of engineering. 

A report has been submitted by Doctor 
Compton that his committee on engineering 
schools has made considerable progress. 
A subcommittee consisting of Dean Daggett 
and Professor Hammond is assembling 
material dealing with the establishment of 
criterions for engineering schools. The 
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Chart illustrating the fields of activity of the 4 
committees of the Engineers’ Council for 
Professional Development. This chart was 
included in an informal talk presented by 
L. W. W. Morrow at the annual conference 
of officers, delegates, and members held in 
conjunction with the A.I.E.E. summer con- 
vention, Chicago, Ill., June 26-30, 1933. 
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committee also is considering questions of 
coéperation with engineering schools in the 
matter of curriculums. 

For the committee on professional train- 
ing, General Rees has reported that items 
under consideration include a survey of the 
location of young engineers and of educa- 
tional facilities available; preparation of an 
informational bulletin; and a survey of 


local engineering organizations available 
for the direct assistance of young engineers. 

For the committee on professional recog- 
nition, research work has been started 
bringing together information about the 
3 existing standards of professional recog- 
nition: membership in engineering societies, 
professional degrees, and requirements for 
licensing and registration. 

These 4 committees with the codpera- 
tion and support of the 7 national en- 
gineering organizations have the power to 
enhance the professional status of engineers. 
The Engineers’ Council for Professional 
Development aims to coérdinate and pro-. 
mote efforts and aspirations directed toward 
higher professional standards of education 
and of practise; it aims to promote greater 
solidarity of the profession and thus secure 
greater effectiveness in dealing with techni- 
cal, legislative, social, and economic prob- 
lems. The aims of the council are ambitious 
and deserve the attention of engineers 
throughout the country. 


I:C.l. Sessions 
Postponed Until 1935 


Announcement has been made by G. H. 
StickNEY (A’04, F’24) secretary-treasurer 
of the United States national committee of 
the International Commission on Illumina- 
tion that the plenary sessions of the Inter- 
national Commission on Illumination, origi- 
nally scheduled to be held in Germany in 
1934, have been postponed on account of the 
present world-wide unsettled business con- 
ditions. The sessions are now scheduled to 
be held in Germany in June 1935. It is 
planned to hold an international illumina- 
tion congress in connection with these 
sessions. The American secretariats on 
factory and school lighting, air craft light- 
ing, and lighting education have their work 
well along in preparation for the 1935 meet- 
ings. Questionnaires have already been cir- 
culated by several European secretariats. 
Interesting papers on lighting questions of 
modern world interest are being planned. 


Line Insulator Contracts 
for Boulder Dam Awarded 


A total of 235,000 disk type porcelain: 
suspension insulators for the transmission 
line from the Boulder Dam power plant ‘of 
the federal government at Boulder Canyon, 
Nev., to the city of Los Angeles, Calif., 
has been contracted for by the Bureau of 
Power and Light of Los Angeles. The order 
was placed with the Ohio Brass Company. 
The company’s insulator plant at Barber- 
ton, Ohio, will produce these insulators, 
while the Mansfield, Ohio, works will 
supply the malleable iron castings which 
total some 325 tons. 

Delivery of the insulators is to begin this 
year. Under the terms of the agreement 
approximately 75 carloads will be delivered 
before January 1, 1935. As previously 
announced the contract for the conductors 
has been awarded to the General Cable 
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Corporation, and that for the towers was 
awarded to Tower Builders, Inc., and Mc- 
Clintic-Marshall Corporation. Contracts 
for 1,256,000 Ib of 1/4 in. rolled black cop- 
per rods have been placed with the Graybar 
Electric Company, Ltd., and the Anaconda 
Wire and Cable Company, of California; 
these rods will be used as ground counter- 
poise. 


New Observatory 
to Be Built in Texas 


Contract for the design and construction 
of the new McDonald Observatory on Mt. 
Locke in southwestern Texas, containing 
the second largest telescope in the world and 
exceeded only by the 100-in. telescope on 
Mt. Wilson in California, has been awarded 
to The Warner & Swasey Co., Cleveland, 
Ohio. The company has long been famous 
for the building of telescopes and precision 
machine tools. Ambrose Swasey (HM ’28) 
_ chairman of the board of the company has 
been active in the scientific world for over 
50 years. 

The observatory is being erected as a 
result of a bequest of the late W. J. Mc- 
Donald, of Paris, Texas, for the purpose of 
constructing a telescope and observatory for 
the University of Texas. A codperative 
plan has been worked out whereby the 
University of Texas will build the observa- 
tory and the University of Chicago will 
supply the trained experts and personnel 
to operate it. Dr. Otto Struve, director of 
Yerkes Observatory of the University of 
Chicago, will be in charge of the McDonald 
Observatory. 

The main features of construction will 
include steel work of a highly specialized 
nature, manufacture of optical parts which 
requires the utmost precision, an intricate 
system of anti-friction bearings, and a com- 
plicated system of electrical control. 

The observatory, in which the telescope 
will be housed, will be a cylindrical steel 
structure 71 ft high, surmounted by a hemi- 
spherical dome 62 ft in diameter. Construc- 
tion will be of structural steel with special 
alloy sheet metal covering on exterior and 
interior, including insulation. The observ- 
ing floor, where the telescope stands, will be 
83 stories above the ground. The 2 lower 
floors will contain offices, chemical kitchen, 
library, developing rooms, and sleeping 
quarters. 

The entire structure will be built around 
the 2 massive piers which support the tele- 
scope. These piers alone required 450 tons 
of concrete and 10 tons of reinforcing steel. 
The telescope is to be of the reflector type. 
It will be approximately 26 ft long and its 
main feature will be a great mirror 80 in. in 
diameter, and weighing 5,000 Ib. The raw 
material of the mirror will be Pyrex, a type 
of glass made by the Corning Glass Works, 
at Corning, N.Y. The grinding and polish- 
ing of this mirror will require about 21/2 
years, and will be done at the Warner & 
Swasey plant in Cleveland. Five secondary 
mirrors will also be required. 

The many movable parts of the telescope 
and the observatory must be capable of im- 
mediate and easy adjustment in spite of their 
enormous weight. Thus, the dome, weigh- 
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ing 115 tons, must be capable of revolving 
as desired. Shutters on the dome must be 
opened or closed at will. Curtains protect- 
ing the telescope against wind must also 
be subject to quick control. The telescope 
itself must revolve automatically at a speed 
compensating for the rotation of the earth, 
in order to keep it trained steadily upon 
the star under observation. At the same 
time it must be capable of adjustment at 
right angles to its axis in order to reach any 
part of the heavens. In a telescope of this 
sort there are various observing points, some 
at the lower end of the telescope, some part 
way up, and one at its extreme tip. Conse- 
quently 2 movable platforms and an observ- 
ing bridge upon which the astronomer stands 
must be raised or lowered at will. All of 
these movements must be made with the 
utmost precision. 


Model of observatory to be constructed for 
the University of Texas 


The result is a complicated system of anti- 
friction bearings and electric control where- 
by the entire operation can be handled by 
the observer by means of an electric push 
button panel. To accomplish this, a wiring 
system is required which uses approximately 
4 miles of electric wire. The observatory 
will cost approximately $325,000 and will 
take about 2!/. years to complete. Work on 
the project has already begun. 


India and the United States Linked by Tele- 
phone. One of the transatlantic radio tele- 
phone channels between the United States 
and England recently was linked with a 
short wave channel connecting London with 
radio telephone stations near Bombay, 
India. Since May 9, 1933, regular telephone 
communication between the United States 
and India has been available through the 
coéperation of the American Telephone and 
Telegraph Company and the British Post 
Office. In addition to United States tele- 
phones, the service embraces those in 
Canada, Cuba, and Mexico. At the distant 
end it will: for the present be limited to the 
telephone systems of Bombay and Poona, 
India, the fifty-second country to be brought 


within telephone reach of the United States, 
is the third country of Asia to be included in 
the network. Connections with Siam and 
Palestine have already been established. 
American subscribers may now talk with 
more than 92 per cent of the world’s tele- 
phones, as well as with 20 liners on the high 
seas. 


Proceedings of Commission on Illumination 
Still Available. The United States national 
committee of the International Commission 
on Illumination has a few remaining volumes 
of the recently issued proceedings of the 
1931 sessions held in Cambridge, England, 
September 13-19, 1931. As announced in 
ELECTRICAL ENGINEERING for March 1933, 
p. 202-8, these proceedings are in the form 
of a cloth bound volume of 694 pages illus- 
trated with cuts and charts; some of the ma- 
terial is in French, other parts are in Ger- 
man, and the rest is in English. As long as 
available, any member of the A.I.E.E. may 
secure a copy, post and insurance paid 
(within the United States and Canada), 
upon the advance payment of $3. This offer 
also is open to colleges and libraries in the 
United States. Remittance and shipping 
instructions should be sent to G. H. Stick- 
ney, secretary-treasurer, at Nela Park, 
Cleveland, Ohio. 


Grid Composition 
of Storage Batteries 


The effect of antimony in producing 
excessive sulphation of negative plates in 
storage batteries has been known previously, 
but recent experiments at the Bureau of 
Standards of the U.S. Department of 
Commerce, Washington, D. C., as well as 
other experiments, have shown that the 
small amounts of antimony released from 
the positive grids in the course of normal 
operation of batteries are sufficient to 
affect the negative plates. A complete ac- 
count of the work carried on at the Bureau 
of Standards has been published as research 
paper No. 567 in the June 1933 number of 
the Bureau of Standards Journal of Re- 
search. A summary of the information 
given in this paper follows: 

Batteries have been made and operated 
in the laboratory to test the effect of vary- 
ing the composition of the grids for positive 
plates. The alloys employed in this work 
included a series of lead-antimony and lead- 
cadmium compositions. 

The operation of the batteries was ob- 
served during 115 cycles of charge and dis- 
charge. For the most part, the cycling of 
the batteries was controlled automatically, 
but measurements of capacity and plate 
potentials were made at intervals during the 
course of the tests. 

No large differences in capacity resulted 
from variations in the antimony content 
of the positive grids, but grids containing 
3 per cent or less of antimony were not as 
durable as those of customary compositions. 

Tests for loss of charge on standing for a 
period of 114 days showed the loss to be 
greater in those cells containing the higher 


percentages of antimony in the positive 
grids. The capacity of the cells, with one 
exception, was limited by the negative 
plates, however, and these were found to 
contain measurable quantities of antimony 
in the active material after completing 115 
cycles of charge and discharge. 

The percentage of antimony found by 
analysis in the active material of the nega- 
tive plates was greater in those cells in 
which the positive grids contained the 
greater percentages of antimony. The 
analysis for antimony was made at the 
conclusion of 115 cycles of charge and dis- 
charge. 

Local action produced at the surface of the 
negative plates was measured by weighing 
the plates at intervals while they were 
suspended in solutions of sulphuric acid 
and maintained at a constant temperature. 
The plates having the greatest amount of 
antimony in the active material sulphated 
the most rapidly. The negative plates 
from cells in which the positive grids were 
made of pure lead or the lead-cadmium 
alloys sulphated much less than the others. 

Positive grids of lead-cadmium alloys 
did not prove to be as durable as the lead- 
antimony alloys in these experiments. 
The operation of negative plates was im- 
proved, however, by the absence of anti- 
mony from the positive grids. Part of the 
difficulty with the lead-cadmium alloys 
may have been caused by insufficient 
experience in using stich materia{ in bat- 
teries. 


Relief From Hay Fever by Air Condition- 
ing. A booklet entitled ‘‘Relief From Hay 
Fever and Other Disorders by Means of Air 
Conditioning,’ contains information on the 
substances, called allergens, which cause 
the generation of poisonous enzymes in 
the human body resulting in hay fever and 
other similar diseases. Methods of avoid- 
ing these allergens and of counteracting 
their effects also are given, special emphasis 
being placed on the therapeutic value of 
air conditioning. The booklet is published 
by the Frigidaire Corporation, Dayton, 
Ohio. Tables are included which show the 
relative ability of various hay fever plans 
to produce pollen, the commoner causes of 
pollen in a number of different cities, and 
the locality and time of pollination of the 
more common plants causing hay fever 
and asthma. 


Booklet on “The Older Employee in Indus- 
try.”’ Details of the steps which business ex- 
ecutives are taking to solve the problem of 
what to do about the employee who has 
grown old in a manufacturing organization 
are told in a new report of the Policyholders 
Service Bureau of the Metropolitan Life In- 
surance Company, entitled ‘““The Older Em- 
ployee in Industry.’ This report presents 
the findings of a broad survey conducted 
among 5,000 manufacturing companies. Of 
those replying to questionnaires, 800, which 
employ more than a million workers, stated 
that they have programs in operation for 
dealing with this problem. Details of these 
plans are tabulated and analyzed in the re- 
port. The 2 principal details are, first, dis- 
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covery of problem cases, and second, de- 
cision as to what procedure is to be followed 
in these cases. In the interest of ready refer- 
ence and correct summarization, 2 charts are 
reproduced in the report. A selected read- 
ing list also is included. A limited number 


of copies of the report are stated to be avail- 
able and as long as this stock permits, read- 
ers desiring copies will be supplied by the 
Policyholders Service Bureau, Metropolitan 
Life Insurance Company, 1 Madison Ave- 
nue, New York, N. Y. 


| Be to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


A Short Cut 
to Finding Va? + b2 
To the Editor: 


Regarding short cuts to finding Va? +b? 
the transformation given by Prof. W. J. 
Seeley in ELrctricaAL ENGINEERING for 
August 1933, p. 583-4, can be written 


Vae+e=a (2) + 1, in which ais 


the larger of the 2 numbers. If a represents 


b 2 
tan @ then J 1+ () represents (O54 
Therefore K (see eq 10 on p. 584 of W. J. 


Seeley’s contribution) is equal to 


cos a 
or seca. A good table of trigonometric 
functions is all that is necessary, and one 
setting only on the slide rule. 

Take for examplea = 6; b=4. Setting 
1 of the lower slide scale against 6 we find 


‘fat = 0.667 = tan a; the corresponding 


6 

cosine is 0.8321. Against 0.8321 on the 
upper red scale of the particular slide rule 
illustrated in Fig. 1, we find the answer, 


7.21, on the upper scale of the rule. 


2ND READING =7.21 


IST READING = 0.667 
Fig. 1. Setting of slide rule to illustrate 
example 


The trigonometric tables in the ‘“Rubber 
Handbook” are very handy for this sort 
of problem. 

Very truly yours, 
F. V. ANDREAE (A’17) 
(Electrical Engineer, 
Box 292, Anniston, Ala.) 


Skin Effect in 
Conductors of Given Shape 


To the Editor: 


The article on “Skin Effect in Rec- 
tangular Conductors,” by H. C. Forbes 
and L. J. Gorman in ELEctTrRIcAL ENGI- 
NEERING for September 1933, p. 636-9, 
is of real value, not only in the accurate test 
results which it presents, but in showing 
that skin effect measurements can be made 
very successfully with radio instruments at 
high frequency. 

This emphasizes the attractive possi- 
bilities of testing small models of trans- 
former coils, reactor coils, radio coils, 
cables, built-up busbars, etc., and using 
the results in designing or for checking 
engineering formulas. For instance, last 
year the writer and some students at 
Massachusetts Institute of Technology 
constructed a transformer coil model about 
6 in. in diameter and 18 in. long, and tested 
it, without iron, at 3,000 cycles in order to 
check formulas for eddy current loss in 
transformers. The results so obtained, if 
accurately measured, may be used with full 
confidence with large apparatus and low 
frequency. 

Perhaps a more complete way of making 
the statement quoted by Forbes and Gor- 
man is that the ratio of a-c to d-c resistance 
of a conductor, or group of conductors, 
of a given shape, may be determined. as a 
function of the parameter, P = ~/(8zfA/p) 
where f is frequency, A is area of cross 
section and p is resistivity. The factor 
8x may be omitted if desired. In other 
words, for a certain value of P there is a 
certain value of resistance ratio, and this 
statement is true at all frequencies, even 
at one cycle. 

It is a quite separate fact that resistance 
ratio at very high frequencies is propor- 


tional to ~/f. It is because of this fact that 
the square root sign is inserted in the ex- 
pression for P, so that when resistance 
ratio is plotted against P, the curve tends 
to become straight at high frequencies. 
But the application of high frequency 
results to large conductors at low frequency 
is not confined to the straight-line part of 
the curve, but may be done at any part. 
Mathematically speaking, this process is 
reliable in the strictest degree, and extreme 
caution is not needed in using it. The 
only precautions are the usual ones that 
the measurements should be accurate and 
that when the size of conductor is changed, 
the shape should remain unchanged, and 
also that capacitance effects should be 
avoided. 

The bend in some of the curves in Figs. 3 
and 4 of the article by Forbes and Gorman, 
showing parts having 2 different slopes, 
is of interest. Perhaps something like it 
occurs in the resistance curve of 2 thin 
tubes forming a return circuit, as in Fig. 1 
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shown herewith. The thickness of the 
tubes is ¢, which for this curve is 0.01 times 
the radius. The axial separation of the 
tubes is 4 times the radius. 

Curve I, Risotatea/Ra-c is copied from 
the left-hand curve of Fig. 3, p. 1384 of 
“Skin Effect in Tubular and Flat Con- 
ductors,” by H. B. Dwight, Trans. A.I.- 
E.E., v. 37, 1918, p. 1879-1400. Curve 
NG Cw" Raea/Rissiated) ise.copied trom the 
right-hand curve of the figure on p. 337 of 
“Wave Propagation Over Parallel Tubular 
Conductors,” by Mrs. S. P. Mead, Bell 
Sys. Tech. J., April 1925, p. 327. Multi- 
plying corresponding values together ac- 
cording to eq 1 of the latter article, Curve 
III is obtained, showing the a-c resistance 
of the 2 tubes. 

The advantage of separating proximity 
effect and skin effect is evident in this case. 
Curve II shows proximity effect, which is 
due to the crowding of current parallel to 
the plane through the centers of the tubes. 
This ratio approaches a maximum 1.155, 
and practically reaches it at comparatively 
low frequencies before the skin effect is 
appreciable. Curve III is what would be 
shown by a test. 

In the case of a thin strap, the effect 
observed at low and moderate frequencies 
is “edge effect’? due to the crowding of 
current toward the edges of the strap. A 
low frequency formula for this is given in 
eqs 53 and 54 of the previously mentioned 
paper in the A.J.E.E. Trans. for 1918. 
At extremely high frequency, the current 
begins to crowd also into the skin of the 
conductor and into the corners. This is 
calculated by a different formula, and gives 
rise to a different slope of the curve. The 
slope of the curve for this extremely high 
frequency condition has been calculated, 
and is given in “Skin Effect in Rectangular 
Conductors at High Frequencies,’”’ by J. D. 
Cockcroft, Proc. Royal Soc. of Lond., 
Series A, v. 122, 1929, p. 533; the results 
for different shapes of straps are shown in 
Fig. 2 and the line following eq 6 of that 
paper. The slope becomes less as the 
strap becomes wider and thinner. If the 
slopes of the right-hand portions of the 
curves for thin straps in Fig. 3 of the paper 
by Forbes and Gorman are compared with 
. the results of Dr. Cockcroft’s paper, they 

are found to agree fairly well, especially in 
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Fig. 1. A-c resistance of 2 thin tubes 


the cases of the straps having ratios of 
6:1 and 12:1. It seems probable, then, 
that the lower parts of these test curves for 
thin straps show ‘“‘edge effect’? and the 
steeper parts show also “skin effect.’’ 
Very thin straps, of width about 200 
times their thickness, might show the edge 
effect ratio approaching a maximum and 
the curve bending over to the right, before 
skin effect begins to be noticeable. Some 
of the test curves of Kennelly and Affel 
(see Proc. Inst. Radio Engrs., 1916, p. 525) 
for straps of this type, bend over to the 


right when plotted on /f. This feature 
has been described in the preceding para- 
graphs, for the curve for 2 thin tubes. 
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It is to be noted that Dr. Cockcroft’s 
paper takes account of the radius of curva- 
ture of the corners of the strap, which is 
part of the specification of the shape of the 
strap, unless it has sharp 90 deg corners. 

It would be of value if J. E. Clem would 
present the formula for eddy current loss 
in transformer conductors to which he refers 
in his discussion on the paper by Forbes 
and Gorman. (See discussion by J. E. 
Clem; AVL EE. DRANS?, v.02; 19383;p. 
519.) Information as to the physical 
dimensions of the copper is also needed for 
Fig. 1 of his discussion. A skin-effect 
curve plotted on frequency alone is not a 
general curve, but is good for only one 
size of conductor, and he has not stated 
to what size of conductor his curve applies. 

Very truly yours, 

H. B. Dwicur (A’11, F’26) 
(Professor of Electrical Ma- 
chinery, Massachusetts In- 
stitute of Technology, Cam- 
bridge, Mass.) 


Installation and Performance of 
High Voltage Lightning Arresters 


The following 4 letters are discussions of 
the joint A.I.E.E.-N.E.L.A. subcommittee 
report on the above subject. The report 
was presented at the protective devices 
session of the 1933 A.I.E.E. summer con- 
vention held in Chicago, Ill., and was 
published in full in the June 1983 issue of 
ELECTRICAL ENGINEERING, p. 394-400.— 
Editors. 


To the Editor: 


The West Penn Power Company’s 
experience with arresters in recent years 
indicates conclusively that moisture in 
lightning arresters is causing a higher per- 
centage of failures on arresters themselves 
than on other equipment. The subcom- 
mittee’s summary of the questionnaire 
bears out this statement. The manufac- 
turers have made recent improvements, but 
we feel rather skeptical as to the results 
after the newer designs have been in service 
for 2 or 3 years. The manufacturers should 
include in their routine tests, some arrange- 
ment whereby their designs may be sub- 
jected to the equivalent of several years of 
actual service conditions within a short 
length of time, before they are released for 
service. 

I believe that all of the internal parts of 
all arresters should be non-corrosive and 
of such material that the formation of fungus 
will be impossible. 

I believe that the standards should 
specify that arresters be subjected to all of 
the insulation and blow-out-feature tests 
when mounted on brackets, suspension or 
otherwise, according to the design. Since 
the performance of an arrester may be 
seriously affected by the different types of 
mounting. I understand that the protec- 
tive value of an arrester may be greatly 
changed by the presence of moisture within 
the arrester; i.e., its initial break-down 
value may be 5 times its normal rating 
rather than 21/, times. Possibly the manu- 
facturer should consider this and modify 
their designs so that their protective value 
should be maintained even if moisture is 
present. 

The West Penn Power Company has just 
completed the installation of sphere gaps in 
series with a fuse on the 132-kv side of 
39 large single phase transformers. This 
protective equipment has been mounted on 
the transformer and connected directly to 
the bushing terminal and is codrdinated 
with existing arrester protection which has 


been in service for several years at each 
station. Failures on apparatus due in some 
cases to direct strokes and in other cases 
induced strokes prove to us that this addi- 
tional protection is necessary and it con- 
forms to recent theory and practise of pro- 
tective application. 

Two direct strokes of lightning, one to 
the arcing horns of an airbreak switch on 
the top of the station and the other within 
one span of the station, lead us to the con- 
clusion that the removal of stationary arcing 
horns from all our 132-kv airbreak switches 
which are mounted on the top of our station 
structure would reduce the possibility of 
being hit by direct strokes. At 2 of our 
stations we have installed reserve bus 
grounding switches. The normally open 
vertical blades of all of the by-pass airbreak 
switches are connected to the reserve bus 
which when grounded provides additional 
protection against direct strokes at a very 
little expenditure of money. 

During the last 2 years we have installed 
a number of 20-kv line type arresters close 
to the high voltage bushings of our older 
type 25-kv step-down transformer banks. 
Our 25-kv system is grounded through an 
18-ohm resistor in 7 different locations. 
These 20-kv arresters have been installed 
with the definite understanding that we 
would expect the arrester to fail rather 
than the transformer, and in only one case 
have we had a bushing flashover on a 
transformer so protected. We cannot say 
that the arrester should have prevented 
this failure. We have had failures on 
similar transformers in the same general 
territory where this reduced lightning 
arrester protection had not yet been in- 
stalled. During a recent very severe 
lightning storm we lost 8 of these arresters, 
one out of a set of 3 protecting one bank 
and 2 out of a set of 3 protecting a second 
with the 2 transformer banks operating in 
parallel. We experienced no failure on the 
transformers and service was very quickly 
restored. 

I have taken the liberty of mentioning 
these comparatively recent applications as 
they indicate our trend and experience in 
recent arrester protection. 

Very truly yours, 
H. A. P. Lanestrarr (A’17, M’27) 
(Elec. Engr., West Penn Pwr. Co., 
Pittsburgh, Pa.) 


To the Editor: 


It is always difficult to obtain from ques- 
tionnaires a sufficiently complete story from 
which to draw conclusions, and yet there are 
trends which can be detected satisfactorily 
by this method. 

While much progress has been made in 
the art of determining the performance of 
lightning arresters since the introduction of 
the Dufour cathode ray oscillograph (See 
“Study of Time Lag of the Needle Gap,” 
by K. B. McEachron and E. J. Wade, 
A.J.E.E. TRrans., v. 44, 1925, p. 832) into 
this country 10 years ago, yet the conditions 
of service are such that service experience is 
of extreme importance. In this connection 
it is of interest to note that in conclusion 
No. 8 the statement is made that, of those 
reported, practically all apparatus failures 
have occurred on equipment protected by 
the older types of lightning arresters. Part 
of this lack of protection may be due to 
the condition of the older apparatus which, 
of course, the questionnaire makes no at- 
tempt to evaluate. At the same time not 
only have improvements been made in 
arresters, but those installed in recent years 
have in general been in a more favorable 
position to do efficient work, particularly 
on account of a better understanding of the 
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importance of details of installation, such as 
location, grounds, etc. 

There appears to be a definite desire on 
the part of operators to find some means of 
determining, by some test, the condition of 
the arrester after being installed. With 
modern totally enclosed arresters this is 
difficult, but effort is being directed toward 
the solution of this problem and it is hoped 
that suitable tests may be developed. 

It seems to me that the wording of con- 
clusion No. 9 is unfortunate since increased 
protection always will result from the use 
of an arrester having a lower maximum 
permissible voltage rating in those cases 
where the system grounding permits such 
use. 

The term ‘‘protective ratio’? does not 
have a standard definition, but commonly 
has been referred to as the ratio between the 
crest of the maximum permissible voltage 
rating of the arrester and the impulse volt- 
age allowed by the arrester. For modern 
arresters this value is of the order of 2.5, 
which means that the arrester holds the 
impulse to a value 2.5 times the maximum 
voltage that can be applied safely to the 
arrester. Because of operating conditions, 
the arrester cannot be applied to circuits 
rated at the arrester’s maximum rating; 
therefore, the ratio between the crest of the 
operating potential and the impulse poten- 
tial allowed by the arrester is increased. It 
is of the order of 3.5 for arresters on 
grounded-neutral circuits and 4.3 for ar- 
resters operating on ungrounded circuits. 
These higher protection levels point to the 
very great desirability of keeping operating 
potentials to ground close to normal so that 
the advantages of better protection may be 
realized. 

With the advent of the entirely enclosed 
high voltage arrester such as the “‘thyrite”’ 
arrester, difficulty began to be encountered 
with the entrance of moisture. Corrective 
measures are being taken to eliminate this 
difficulty, and it now appears that this type 
of trouble soon will disappear. 

It is indeed gratifying to the manu- 
facturers of lightning arresters to note the 
degree of performance indicated by this 
report. It is hoped that still better per- 
formance may be obtained in the future 
and the points of dissatisfaction eliminated. 
Much has been accomplished, but much yet 
remains to be done. 

Very truly yours, 
K. B. McEacuron (A’14, M’20) 
(Research Engr., Gen. Elec. Co., 
Pittsfield, Mass.) 


To the Editor: 


It is regrettable that a report on the 
performance of arresters must by force of 
circumstances confine itself. to tabulations 
of troubles alone. When lightning damages 
apparatus or arresters fail, the occurrence 
is very evident; but when nothing happens, 
which is the state the arresters are intended 
to maintain, there has been in general no 
telling how much the arresters have had to 
do with preserving a state of calm during a 
storm except by statistical comparison such 
as have been made in the case of distribu- 
tion circuits. We believe that the value of 
Table V would be enhanced considerably 
if specific and detailed data were appended, 
pertinent to the circumstances surrounding 
the apparatus failures reported, although it 
is admitted that the volume of such mate- 
rial would probably be prohibitive in this 
report. Nevertheless such data would be 
of great engineering interest. Factors other 
than the arresters themselves must be given 
careful consideration if the best possible 
protection is to be secured. The thought 
which has been given to codrdination and 
the studies and tests which have been made 
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by operating companies and manufacturers 
have brought attention to these matters. 
As a result of this, there is little doubt 
that improvement can be made in numer- 
ous existing installations which either have 
given trouble or are likely to give trouble, 
often without replacing or adding to equip- 
ment already in place. 

It is a consummation devoutly to be 
wished for to be able to apply a standard 
arrester to any system anywhere and secure 
complete protection for the system, but this 
is as yet confined to the realm of hope and 
not to fact. So simple a device as an elec- 
tric light bulb cannot be applied to any 
circuit, nor will a bulb in the attic illu- 
minate the dining room table. 

We believe it would be of great interest 
if a report were presented at some time 
in the future giving detailed data on cases 


‘of trouble experienced, describing the cor- 


rective measures applied, and the results 
secured, such as has been done in several 
papers. dealing with distribution circuit 
protection. Operating experience with 
equipment which is coérdinated either on 
the basis of impulse data on the separate 
pieces of apparatus, or as a result of actual 
impulse tests, such as have been carried 
out by a few companies, would be most 
interesting. It is unfortunate that in the 
present state of the art it is not possible to 
include in Table V a column giving the 
number of cases of equipment damage or of 
outages which were prevented by arresters. 
In the text of the report, the statement is 
made that it is recommended that arresters 
be installed as close as possible to the 
equipment to be protected with tap and 
ground leads not longer than 100 ft, ‘‘par- 
ticularly in the higher voltage classes.’ 
We believe some misunderstanding exists 
in this matter. All other conditions being 
equal, the importance of length of the pro- 
tective circuit varies inversely as the voltage 
class; in other words, it is particularly 
important that leads be short in the low 
voltage classes. For a given surge, double 
arrester voltage, for instance, will be 
reached with much shorter circuits between 
arrester and apparatus or through the 
arrester and ground connections, in the 
low than in the high voltage classes. Dis- 
tribution transformer protection by the 
3-point method or by interconnection (of 
primary arrester ground and grounded 
secondary neutral) is a pointed case. It is 
to be recommended particularly in the low 
voltage classes that especial pains be taken 
to keep the protective circuit as short as 
possible, and in these, distances of less than 
100 ft are advisable. 
Very truly yours, 
EDWARD BECK 
(Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.) 


To the Editor: 


Experience with over 33,000 arresters on 
the 4-kv distribution system of the Com- 
monwealth Edison Company shows that 
most of the failures can be assigned to 
mechanical weakness. Within the past 
year, the hazard of moisture entrance has 
been recognized by some of the leading 
manufacturers of arresters. Moisture not 
only leads to complete failure, but it also 
is a primary cause of corrosion of metal 
parts which, if the arrester does not fail, 
causes leakage to ground with resulting 
radio interference. Where the release of 
gas pressure through vents is not essential 
to the operation of the arrester, the housing 
should be hermetically sealed. 

Part of conclusion No. 7 and all of No. 8 
do not agree with our findings pertaining 
to 3-kyv arresters. The average perform- 


standard No. 12). 


ance of 3 modern arresters shows that their 
annual rate of removal due to all causes 
has been about 0.14 per cent, and the 
annual rate of failures of transformers pro- 
tected by these types for the same period 
of years has been 0.88 per cent due to 
lightning; while the corresponding rate of 
removal for 3 old types has been 1.25 per 
cent, and the rate of failures of trans- 
formers protected by these old types has 
been 0.43 per cent due to lightning. These 
data indicate that modern 3-kv arresters 
are less susceptible to damage than old 
arresters. and also that they afford better 
protection to the transformers. 
Very truly yours, 
HERMAN HALPERIN (A’21, M’26) 

(Cable Research Engr., Engg. 

Dept., Commonwealth Edison 

Co., Chicago, II.) 


Standards 


Welding Standards Approved 


as American Standards 


On September 6, 1933, the American 
Standards Association gave its formal ap- 
proval to the standards for ‘Resistance 
Welding Apparatus” and ‘Electric Arc 
Welding Apparatus.” The approved 
standards are revisions of former A.I.E.E. 
standards Nos. 38 and 39, these revisions 
having been developed by a sectional com- 
mittee working under the rules of procedure 
of the A.S.A. It is expected to issue the 
revised editions in the near future. 


Graphical Symbols Approved 
as American Standards 


The A.I.E.E. reports on proposed stand- 
ards for graphical symbols, Nos. 17¢2, 
1723, and 17g5, that is, ““Graphical Symbols 
Used for Electric Power and Wiring,” 
“Graphical Symbols Used in Radio,’’ and 
“Graphical Symbols Used for Electric 
Traction Including Railway Signaling”’ 
were approved with certain revisions as 
American tentative standards by the Ameri- 
can Standards Association on September 1, 
1933. The revisions relate to certain con- 
flicts of symbols which exist in the 3 fields 
covered and which it proved impossible to 
eliminate. It is expected revised editions 
of the pamphlets will be issued in the near 
future. 


Standards Approved for 
Constant Current Transformers 


The standards for “Constant Current 
Transformers, Moving Coil Type’ have 
been approved by the American Standards 
Association as American standard. These 
standards comprise a revision of the A.I.- 
E.E. standard for constant current trans- 
formers of the moving coil type (A.I.E.E. 
The standards were ap- 
proved by the American Standards Associa- 


ELECTRICAL ENGINEERING 


tion as existing standards and consigned to 
the new sectional committee on transform- 
ers for revisions. 


Specifications for 


Code Rubber Approved 


The American Standards Association has 
approved ‘“‘Standard Specifications for Code 
Rubber Insulation for Wires and Cables for 
General Purposes’? (C8.11-1933) as Ameri- 
can Standard. These specifications were 
prepared by the sectional committee on insu- 
lated wires and cables (C8) which is under 
the sponsorship of the electrical standards 
committee. 

The specifications apply to the insula- 
tion for electric wire and cable of the grade 
known to the electrical trade as ‘‘code.”’ 
They are divided into the following parts: 
workmanship; properties, such as thickness 
of insulation, chemical, physical, and elec- 
trical properties; and measurements and 
tests, such as dimensional measurements, 
chemical, mechanical, and electrical tests. 


erayiteecrinses 


pein dation 


The Alloys of 


lron and Silicon 


In a 457-page book entitled ‘‘The Alloys 
of Iron and Silicon,’ a comprehensive 
review and a critical appraisal of the known 
facts on the alloys of iron and silicon, and 
on the effects of silicon on steel and special 
cast iron, are given. This monograph has 
been prepared by Alloys of Iron Research, 
which was organized late in 1929 by The 
Engineering Foundation, research organi- 
zation of the 4 national societies of civil, 
mining and metallurgical, mechanical, and 
electrical engineers. Alloys of Iron Re- 
search was organized after 3 years of pre- 
liminary activities, to review and appraise 
critically all of the research on iron and its 
alloys reported in the technical literature 
of the world. The work has progressed to 
the stage where most of the important 
journals in English, German, French, 
and Swedish, from 1892 to date, have been 
gone over thoroughly, and all data of im- 
portance abstracted and classified. The 
files now contain more than 12,000 critical 
abstracts, from nearly 5,000 _ technical 
papers. These are being reviewed pri- 
marily to use as a basis for a series of mono- 
graphs on alloys of the element iron with 
38 of the 92 chemical elements. The first 
monograph, “The Alloys of Iron and 
Molybdenum,”’ was published in December 
1932. The second volume of this series, 
“The Alloys of Iron and Silicon,” now is 
available. A critical résumé of all data on 
steel and cast iron containing silicon as an 
important alloy is included in this’ book. 
A summary of the types of alloys discussed 
in the book follows. 
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In addition to the common steels cast 
irons which are made in enormous tonnages 
each year and used in construction and 
similar purposes, are the alloy steels and 
alloy cast irons containing in addition to 
the chemical element iron one or more of a 
large number of special elements such as 
manganese, silicon, nickel, chromium, vana- 
dium, tungsten, and molybdenum. The 
higher cost of alloy steels and irons fre- 
quently is justified by their superior proper- 
ties. Among the many types of alloys, the 
iron-silicon group is among the most im- 
portant. There are 8 classes of iron-silicon 
alloys which are essential to modern 
industrial civilization each class being a 
development of the past 25 or 30 years. 
These classes are the silicon structural 
steels, the silicon electric steels, and the 
silicon acid-resisting irons. 


SILICON STRUCTURAL STEELS 


The silicon structural steels combine 
relatively high strength with a cost but 
slightly greater than that of ordinary 
structural steel. In some types of construc- 
tion, especially in large bridges, the use of 
silicon structural steels makes possible a 
stronger structure with no increase in 
weight, or a lighter structure with no de- 
crease in strength. The silicon structural 
steels were first used widely in Germany 
and in England; as early as 1907 silicon 
steel was used in the construction of the 
ocean liners Lusitania and Mauretania. 
Tests made at that time showed that the 
silicon structural steel had a _ strength 
50 to 75 per cent greater than the steel 
commonly used for ship construction. 

In the United States silicon structural 
steel has been widely used, especially in 
the past 10 years, for large bridges. In the 
George Washington Memorial bridge, lately 
constructed across the Hudson River, 
1/3 of the total steel used or, if the cables 
are not considered, nearly 50 per cent of 
the total steel, contains silicon as an alloy. 


SILICON ELECTRIC STEEL 


Silicon structural steel, although very 
important on account of its high strength 
and low cost, is not indispensable. There 
are other alloy steels which have equally 
good properties, but which cost more. 
There is, however, one material, silicon 
electric steel, which is indispensable and 
without which our civilization could not 
have progressed to its present state of 
development. The invention of silicon steel, 
which was later to be used in the construc- 
tion of electrical machinery, was the result 
of epochal research work carried out by Sir 
Robert Hadfield in England during the 
years 1880 to 1895, in which an extensive 
series of new steels was developed. It was 
not until after 1900 that it was discovered 
that silicon steel had remarkable electric 
and magnetic properties. Credit for the 
discovery of these properties and for the 
development of silicon electric steel must 
go to a large number of American, German, 
and British scientists who, working inde- 
pendently, perfected the new material so 
that by 1915 a complete revolution in the 
manufacture of electrial machinery had 
taken place. This development is still 
going on in the research laboratories of the 
world and is completely summarized and 


critically discussed in ‘‘The Alloys of Iron 
and Silicon.” 

The value of silicon electric steel to our 
civilization cannot be overestimated. It 
affects directly or indirectly every individual 
in the civilized world. By the use of this 
steel in electric machinery energy losses 
were cut in half; the saving to the con- 
sumers in the United States alone is esti- 
mated conservatively at more than $10,- 
000,000 a year. In the past 20 years users 
of electric current throughout the civilized 
world have saved nearly $500,000,000. 


SILICON AcrID-RESISTING IRONS 


In another very important field, the 
chemical industry, an alloy of iron and 
silicon is indispensable. It is used in the 
manufacture of sulphuric acid and nitric 
acid, which are raw materials for a large 
number of fertilizers, for nearly all of our 
explosives, and for many other chemicals 
and drugs. Until 20 years ago the chemical 
industry was forced to use expensive plati- 
num and fragile glasware or stoneware for 
the manufacture of sulphuric acid and nitric 
acid. In 1912 it was discovered, almost 
simultaneously in the United States, 
England, and Germany, that by adding one 
part of silicon to 6 parts of iron, melting 
this mixture, and pouring into castings, a 
material could be obtained which was un- 
affected by either of these strongly corrosive 
acids. The result of this discovery was far- 
reaching; it enabled the manufacture of 
explosives to be expanded rapidly enough 
to satisfy the wartime demand, and it so 
reduced the cost of all chemicals which use 
these acids as raw materials, including many 
of the fertilizers, that the chemical industry 
rapidly attained a position of great im- 
portance in our industrial civilization. 

All of the research work of the world on 
silicon structural steels, silicon electric 
steels, and silicon acid-resisting iron has 
been reviewed and summarized in “The 
Alloys of Iron and Silicon.’’ Included 
also in the book is a complete discussion of 
the pure alloys of iron and silicon of great 
importance to the scientist who, by further 
theoretical and experimental study of these 
basic facts, may advance our knowledge 
of alloy steels still further. The book puts 
at the disposal of the engineer, metallurgist, 
steel worker, foundryman, and _ scientist 
information now scattered through volumes 
of journals and textbooks in many languages. 

Data on manufacture, properties, and 
uses of the different steels is given. Follow- 
ing a review of previous investigations on 
the binary iron-silicon alloys, the ternary 
iron-silicon-carbon alloys, and more com- 
plex systems, are a summary and new phase 
diagrams of the binary and ternary systems. 
Conflicts in the data have been outlined and 
attention has been called to existing gaps 
in the various systems so that the need 
for further research will be more readily 
apparent. 

“The Alloys of Iron and Silicon’’ by E. S. 
Greiner, J. S. Marsh, and Bradley Stough- 
ton, has been published for The Engineering 
Foundation by the McGraw-Hill Book Com- 
pany, Inc., 330 West 42nd Street, New 
York, N. Y., and can be obtained at an 
introductory price of $4.00. It is stated that 
the regular price will be $5.00. The book 
contains 457 pages, 6x9 in., with 146 tables 
and 124 illustrations. 
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D. M. Srmmons (A’22, M’26, F’28) chief 
consulting engineer of the General Cable 
Corporation, New York, N. Y., has been 
appointed chairman of the Institute’s 
technical committee on power transmission 
and distribution for the year 1983-34. He 
was born in New York, N. Y.; and gradu- 
ated from Princeton University in 1911, 
with the degree of bachelor of arts. In 
1913 he received the graduate degree of 
electrical engineer from the same institu- 
tion. In that year he joined the Standard 
Underground Cable Company; with the 
exception of 2!/. years during the World War 
Mr. Simmons has been continuously with 
the Standard Underground Cable Company 
and its successor organization, the General 
Cable Corporation, which was organized in 
1927. Throughout this period he has been 
engaged in engineering problems in connec- 
tion with power transmission and distribu- 
tion. Until 1917, Mr. Simmons was in 
charge of the Pittsburgh, Pa., research labo- 
ratory of the company. He then was in 
the U.S. Army during the War, becoming 
major on General Pershing’s staff of the 
American Expeditionary Forces. In 1919 
he returned to the Pittsburgh office of the 
Standard Underground Cable Company, 
doing general engineering and executive 
work, in charge of all company patents, and 
doing consulting engineering work with 
the power companies, especially in connec- 
tion. with power transmission by wunder- 
ground cables at very high voltages. For 
many years he has been in charge of the 
development of high voltage joints and 
jointing methods. He was appointed de- 
velopment engineer of the company in 
1928, and in 1928 director of high voltage 
engineering for the General Cable Corpora- 
tion in New York. In 1930 he was ap- 
pointed to his present position of chief con- 
sulting engineer. Mr. Simmons has taken 
out a considerable number of patents in 
this country and abroad, and has written 
numerous technical articles for scientific 
and engineering journals and_ societies. 
He has been active in the Institute for a 
number of years, having been a member of 
the executive committee of the Pittsburgh 
Section for several years, chairman of the 
meetings and papers committee of that 
Section during 1925, and chairman of the 
Pittsburgh Section 1926-27. He is now a 
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H. W. LEITCH 


member of the executive committee of the 
New York Section, and a member of the 
midwinter dinner-dance committee. He 
also has been a member of the Sections com- 
mittee of the Institute, and since 1930 a 
member of the committee on power genera- 
tion and distribution. He has served as 
a member of many subcommittees of the 
National Electric Light Association and for 
the past 2 years has been president of the 
Insulated Power Cable Engineers Associa- 
tion. He is a member of the Institution of 
Electrical Engineers (London), Société 
Frangaise des Electriciens; Verband Deut- 
scher Electrotechniker; Associazione Elet- 
trotecnica Italiana (Milano). He is a 
member of the University Club and the 
Princeton Club of New York, the Allegheny 
Country Club, and the Edgeworth Club in 
Sewickley, Pa. 


H. W. Lerrcuw (A’98, M’18) associate 
chief operating engineer of The New York 
Edison Company and of The United Elec- 
tric Light and Power Company, New York, 
N. Y., has been appointed chairman of the 
Institute’s committee on power generation 
for the year 1933-34. Mr. Leitch was 
graduated from the Polytechnic Institute of 
Brooklyn (N. Y.) with the degree of B.S. in 
E.E. and later received his E.E. degree 
from the same institution. He has been 
identified with large generating stations 
since 1902. He was one of the original 
operators of the 74th Street station of the 
Interborough Company and subsequently 
was connected with the Waterside stations 
of The New York Edison Company, suc- 
cessively as system operator, chief operator, 
and assistant superintendent. He entered 
the employ of The United Electric Light and 
Power Company in 1913 as electrical super- 
intendent and later was appointed the first 
superintendent of the Sherman Creek sta- 
tion, organizing the force that put that 
station into operation. In 1920 he was 
made superintendent of power plants and 
later general superintendent in which ca- 
pacity was included approval of design and 
general charge of construction and opera- 
tion of both Sherman Creek and of the new 
Hell Gate station. In 1932 he was ap- 
pointed to his present position. Mr. Leitch 
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has served the Institute as a member of its 
committee on safety codes 1927-29, and 
has been a member of the power generation 
committee since 1929. He is a member of 
the American Society of Mechanical Engi- 
neers, and for several years was a member of 
the prime movers committee of the National 
Electric Light Association, during which 
time he served successively as chairman of 
the subcommittees on boilers, superheaters 
and economizers, and condensing equip- 
ment. 


E. S. Lee (A’20, M’28, F’30) engineer-in- 
charge, general engineering laboratory Gen- 
eral Electric Company, Schenectady, N. Y., 
has been appointed chairman of the Insti- 
tute’s membership committee for the year 
1933-34. Biographical sketches of Mr. Lee 
appear in ELEcrricAL ENGINEERING for 
January 1933, p. 62, in connection with his 
nomination as a director of the Institute, 
and in ELECTRICAL ENGINEERING for Febru- 
ary 1932, p. 140, at the time of his apoint- 
ment to the position of engineer-in-charge 
of the general engineering laboratory of the 
General Electric Company. 


L. A. Doccertr (A’18, M’16) professor 
of electrical engineering, Pennsylvania 
State College, State College, Pa., has been 
appointed to the chairmanship of 2 of the 
Institute’s committees for the year 1933-34. 
These committees are the Student Branches 
committee and the education committee. 
He was born in Boston, Mass. In 1908 
he received the degree of bachelor of arts 
from Harvard University, and in 1910 re- 
ceived the degree of M.E.E. from the same 
institution; in 1930 he received an E.E. 
degree from the Pennsylvania State College. 
From 1910 to 1913 he was instructor at 
the Harvard Engineering School, assisting 
Prof. C. A. Adams (A’94, F’13, member for 
life, and past-president), and Prof. A. E. 
Kennelly (A’88, F’13, member for life, and 
past-president). The next 10 years were 
spent as professor of electrical engineering 
in the post-graduate school of the U.S. Naval 
Academy, Annapolis, Md., specializing in 
the teaching of the various applications of 
electricity on naval ships. During this 
period he served as a member of the Insti- 
tute’s technical committee on marine appli- 
cation, 1917-19. From 1928 to the present 
time he has been professor of electrical 
engineering at the Pennsylvania State 
College. Professor Doggett spent the sum- 
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mer of 1912 with the Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa.; during the summer of 1918 he 
was attached to the U.S.S. Arizona; and 
in the summer of 1927 was with the General 
Electric Company. He has served the 
Institute as councilor of the Student Branch 
at Pennsylvania State College from 1926 to 
date, as chairman of the Middle Eastern 
District committee on Student activities 
in 1928, and as a member of the Institute’s 
committee on education in 1924-25. He 
has contributed several papers and discus- 
sions to the Institute, and to many tech- 
nical and educational periodicals. 


H. C. Aseiy (A’03) formerly vice-presi- 
dent of the Electric Bond and Share Com- 
pany, New York, N. Y., and president of 
the National Power and Light Company, 
New Orleans, La., and director and officer in 
several other companies of the Bond and 
Share group, has resigned all offices and di- 
rectorates in this group, and is retiring from 
active business. Following graduation from 
Armour Institute of Technology, Chicago, 
Ill., in 1897, he became an apprentice with 
the Canadian Pacific Railway in 1889, and 
later served with the Belding Motor Com- 
pany of Chicago, the Canadian General 
Electric Company, the Anchor Line, and the 
International Navigation Company. Fol- 
lowing service in the Spanish-American 
War, he became associated with Emerson 
McMillin and Company in the Supervision 
of public utilities, and later served with the 
American Light and Traction Company. 
Mr. Abell has served the National Electric 
Light Association as treasurer, and is a past- 
president of the American Gas Association. 


R. N. ConweE t (A’15, F’31) transmission 
and substation engineer, Public Service 
Electric and Gas Company, Newark, N. J., 
has been appointed chairman of the Insti- 
tute’s technical program committee for the 
year 1933-34. A biographical sketch of 
Mr. Conwell was given in ELECTRICAL 
ENGINEERING for July 1932, p. 528, in con- 
nection with the award of the 1931 A.I.E.E. 
national prize for best paper in engineering 
practise which was made to him and his 
co-author, H. S. Warren (A’03, F’13). 


JoserH SLEPIAN (A’17, F’27) consulting 
research engineer, Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa., has been appointed chairman 
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of the Institute’s technical committee on 
electrophysics for the year 1933-34. A 
biographical sketch of Doctor Slepian was 
given in ELECTRICAL ENGINEERING for 
August 1932, p. 600, in connection with his 
receiving the John Scott Medal for his ‘‘dis- 
coveries in the field of the deionization of 
gases and fundamental and outstanding in- 
ventions involving these discoveries.” 


W. B. KOUWENHOVEN (A’06, M’22, past 
vice-president) professor of electrical engi- 
neering, and assistant dean, The Johns 
Hopkins University, Baltimore, Md., has 
been appointed chairman of the Institute’s 
technical committee on instruments and 
measurements for the year 1933-34. Bio- 
graphical sketches of Doctor Kouwenhoven 
appear in ELECTRICAL ENGINEERING for 
July 1932, p. 529-30, and for January 1931, 
p. 54. The latter item appeared in connec- 
tion with his nomination as vice-president 
of the Institute from the Middl: Eastern 
District. 


J. W. Barker (M’26, F’30) dean of the 
school of engineering, Columbia University, 
New York, N. Y., has been appointed chair- 
man of the Institute’s technical committee 
on production and application of light for 
the year 1933-34. A personal item regard- 
ing Dean Barker was given in ELECTRICAL 
ENGINEERING for November 1932, p. 817, 
in connection with his election to the presi- 
dency of the Illuminating Engineering So- 
ciety for the year beginning October 1, 1932. 


D. C. McCuure (A’16) formerly vice- 
president in charge of operation, Central 
Public Service Corp., Chicago, Ill., was re- 
cently elected president of the Central 
Illinois Electric and Gas Company, Rock- 
ford, Ill. This company is now controlled 
by the Consolidated Electric and Gas 
Company, and managed by Stone and Web- 
ster, Inc. All operations of the Consoli- 
dated Electric properties in Illinois and 
northern Michigan are under Mr. McClure. 
He is a past-president of the Rocky Moun- 
tain division of the former National Elec- 
tric Light Association. 


E. G. Fox (A’12, M’20) who has been 
associated with the Leningrad staff of 
Freyn Engineering Company, Chicago, IIl., 
has returned to the United States and will 
resume his activities with this company in 
the United States. For the past 5 years 
Mr. Fox has been identified with the power 
and electrical phases of engineering work in 
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the Soviet Union, in connection with the 
development of the steel industry in that 
country. 


H. B. Bryans (M’17, F’18) vice-president 
of the Philadelphia Electric Company,. 
Philadelphia, Pa., in charge of operation, 
was elected president of the Pennsylvania 
Electric Association at the meeting held 
early in September at Bedford Springs, Pa. 
Mr. Bryans has engaged in various activities. 
of the Pennsylvania Electric Association,. 
the National Electric Light Association and. 
the Pennsylvania Gas Association. 


LLEWELLYN Evans (A’07, M’20) superin- 
tendent of lighting, city of Tacoma, Wash..,. 
has been appointed consulting technician 
for the Muscle Shoals project of the federal 
government. This appointment has been 
made by Dr. A. E. Morgan, administrator 
of the federal agency directing the Tennessee 
development. Mr. Evans has been granted 
a leave of absence of from 3 to 6 months by 
the Tacoma light and power department. 


R. A. Monrogk (A’30) formerly hydraulic 
engineer and specialist in transmission and 
hydroelectric engineering for the Aluminum 
Company of America, Pittsburgh, Pa., is 
now with the U.S. Bureau of Reclamation 
at Denver, Colo. Here he will have 
charge of the structural and mechanical 
design of hydroelectric plants. 


I. H. ScvatTer (A’08, F’27) formerly as- 
sistant engineer, power transformer depart- 
ment, General Electric Company, Pitts- 
field, Mass., has been appointed engineer 
of the power transformer engineering depart- 
ment of the company. He has been with 
the company since 1906, and has been at 
the Pittsfield works since 1913. 


H. L. Toomson (A’21) formerly superin- 
tendent of lighting, Hartford Electric Light 
Company, Hartford, Conn., has been ap- 
pointed meter and appliance engineer for 
this company. He recently has conducted 
researches in connection with the develop- 
ment of electric water heating and rental 
type electric ranges. 


A. L. Krmparr (A’15) formerly research 
engineer for the General Electric Company, 
Schenectady, N. Y., has been transferred to 
the engineering general department. Here 
he will assist all design engineering depart- 
ments of the company on problems involving 


ventilation, vibration, and noise, codperat- 
ing closely with the laboratories. 


F. B. Jewerr (A’038, F’12, and past- 
president) vice-president, American Tele- 
phone and Telegraph Company, and presi- 
dent, Bell Telephone Laboratories, Inc., 
New York, N. Y., has been appointed by 
President Roosevelt to be a member of the 
science advisory board of the National Re- 
search Council for a term of 2 years. 


Cc. F. Kerrerrnc (A’04, F’14) vice- 
president, General Motors Corporation, and 
president, General Motors Research Cor- 
poration, Detroit, Mich., has been ap- 
pointed by President Roosevelt to be a 
member of the science advisory board of 
the National Research Council for a term 
of 2 years. 


R. A. Mitiixan (M’22, HM’33) director, 
Norman Bridge Laboratory of Physics, and 
chairman of the executive council, Cali- 
fornia Institute of Technology, Pasadena, 
has been appointed by President Roosevelt 
to be a member of the science advisory 
board of the National Research Council for 
a term of 2 years. 


VLADIMIR KARAPETOFF (A’03, F’12, and 
life member) professor of electrical engi- 
neering, Cornell University, Ithaca, N. Y., 
has been appointed a lieutenant commander 
in the Naval Reserve of the U.S. Navy. 
He is assigned to the volunteer naval reserve 
for engineering duties of special service. 


E. E, Hrnricusen (A’07) formerly a mem- 
ber of the technical staff of the Bell Tele- 
phone Laboratories, Inc., New York, N. Y., 
retired from service August 1, 1933. He 
had completed over 30 years of service with 
the companies of the American Telephone 
and Telegraph Company system. 


Gano Dunn (A’91, F’12, life member, 
and past-president) president, J. G. White 
Engineering Corporation, New York, N. Y., 
has been appointed by President Roosevelt 
to be a member of the science advisory board 
of the National Research Council for a term 
of 2 years. 


W. H. Tierney (A’25) formerly superin- 
tendent, Seattle Service Shop, General 
Electric Company, Seattle, Wash., has 
opened a contracting business specializing 
in power plant engineering and electrical 
engineering in Seattle. 


F. M. Gentry (A’26) formerly public 
utility specialist, Tri-Continental Corpora- 
tion, New York, N. Y., has been appointed 
manager of the public utility department 
of C. W. Young and Company, Inc., invest- 
ment managers, New York. 


K. T. Compton (F’31) president, Massa- 
chusetts Institute of Technology, Cam- 
bridge, has been appointed by President 
Roosevelt to be chairman of the science 
advisory board of the National Research 
Council for a term of 2 years. 


A. T. CvarKk (A’11) superintendent of 
rolling stock and shops, The United Rail- 
ways and Electric Company of Baltimore, 
Md., has been nominated for president of 
the American Transit Engineering Associa- 
tion for the coming year. 


F. F. Branp (A’10, M’18) formerly man- 
aging engineer of the power transformer de- 
partment of the General Electric Company, 
Pittsfield, Mass., has been appointed assist- 
ant to the manager of the Pittsfield works 
in charge of engineering. 


G. C. Hecker (A’1l, M’16) general 
secretary, American Electric Railway Asso- 
ciation, New York, N. Y., has been nomi- 
nated secretary-treasurer of the American 
Transit Engineering Association for the 
coming year. 


W. R. McRae (M’17) superintendent of 
rolling stock and shops, Toronto Trans- 
portation Commission, Toronto, Canada, 
has been nominated to serve on the execu- 
tive committee of the American Transit 
Engineering Association for the coming year. 


T. C. Wricut (A’28) has been elected 
president of the Otter Tail Power Company, 
Fergus Falls, Minn., to succeed his father, 
V. A. Wright, who becomes chairman of 
the board of directors. 


D. L. Smita (M’27) electrical engineer 
for the Chicago Rapid Transit Company, 
Chicago, Ill., has been nominated first vice- 
president of the American Transit Engineer- 
ing Association for the coming year. 


L. B. Sracey (M’29) district manager, 
Packard Electric Company, Vancouver, 
B.C., Canada, was elected a member of the 
executive committee of the Vancouver 
Electric Club at its recent annual meeting, 


Obituary 


GEORGE CLINTON Warp (M’24) president 
of the Southern California Edison Company, 
Ltd., Los Angeles, Calif., died September 
11, 1933, in Los Angeles. He was born at 
White Plains, N. Y., in 1863, and was edu- 
cated at Philips Academy, Andover, Mass. 
Between 1882 and 1902 he was location and 
construction engineer for the New York, 
West Shore and Buffalo Railroad, Erie 
Railroad, New York Central Railroad, 
Delaware and Hudson Railroad, and Mo- 
hawk and Malone Railroad. Between 1902 
and 1911, he was associated with H. E. 
Huntington in the Pacific Electric Railway 
and the Los Angeles Railway. Between 
1911 and 1917, he was president of the 
Pacific Light and Power Corporation, 
When that company merged with the South- 
ern California Edison Company in 1917, he 
became vice-president in charge of construc- 
tion and operation of the Edison company 


and continued in his position until being ad- 
vanced to that of executive vice-president 
in 1928. In 1931 he became senior vice- 
president of the company, and on the death 
of Russell H. Ballard in 1932, he was ap- 
pointed president. Doctor Ward has con- 
tributed much to the physical and economic 
growth of southern California, through the 
development of a large supply of electric 
energy. In 1911 he made the first study 
of the hydroelectric power resources of 
the High Sierra and under his direction 
the initial undertaking of transmitting 
electric power from Big Creek on the 
San Joaquin River to southern California 
was successfully completed. Spectacular 
achievements of the High Sierra construc- 
tion program, which he managed almost 
continuously from 1911 until its completion 
in 1928, were the construction of a railroad 
through the granite gorge of the San Joaquin 
the creation of 3 huge water storage reser- 
voirs, drilling of the 13-mile Florence Lake 
tunnel through granite near the summit of 
the Sierra, the construction of the largest 
group of high-head hydroelectric plants in 
the world, the construction of a 250-mile 
220,000-volt transmission system to bring 
the electric energy to southern California, 
and the installation of a large amount of 
steam-electric generating capacity near the 
load centers. Doctor Ward has been hon- 
ored on many occasions. In 1925 the 
United States Chamber of Commerce pre- 
sented him with a bronze medallion com- 
memorating the completion of the Florence 
Lake tunnel. In 1927, he was awarded the 
honorary degree of doctor of engineering by 
the University of Southern California, and 
in 1928, he received the honorary degree of 
doctor of science from Oberlin College, 
Ohio. In 1933 he was made an honorary 
life member of the Los Angeles Engineers’ 
Club. Doctor Ward was an_ associate 
member of the board of trustees of California 
Institute of Technology, Pasadena, and an 
honorary member of the American Society 
of Civil Engineers. He was a member of 
several clubs, including the California 
Club, Jonathan Club, Sunset Club, and 
Zamorana Club. 


Burton Horcuxkiss Brooks (M’27) as- 
sistant division manager of the New York 
Telephone Company, Plattsburgh, N. Y., 
died August 18, 1933. He was born at 
Meriden, Conn., in 1875. In 1897 he 
graduated from Cornell University, Ithaca, 
N. Y., with the degree of M.E. in E.E. 
Between 1899 and 1901, he was employed 
by the Reserve Construction Company, 
Cleveland, Ohio, in their engineering depart- 
ment on the work of constructing telephone 
plants in Ohio. Between 1901 and 1902 he 
was engineer in charge of all construction 
and maintenance work of the Cuyahoga 
Telephone Company at Cleveland, Ohio, 
and between 1902 and 1904 was engineer in 
charge of the design and construction of the 
complete plant of the Dayton (Ohio) Home 
Telephone Company. Between 1904 and 
1907, he was chief engineer in charge of the 
construction of the plant of the Columbus 
(Ohio) Citizens Telephone Company, which 
involved changing the system from manual 
to full automatic. Between 1907 and 1908 
he was chief engineer of the Electric Con- 
struction Company of St. Louis, Mo., in 
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charge of the design and construction of 
the property of the Home Telephone Com- 
pany of Detroit, Mich. During most of 
1909, he engaged in consulting engineering, 
and between 1910 and 1914 was chief 
engineer of the United States Telephone 
Company of Ohio, being also chief engineer 
of the Columbus Citizens Telephone Com- 
pany and the Dayton Home Telephone 
Company during the same period. During 
1913 and 1914 he also was chief engineer of 
the Toledo (Ohio) Home Telephone Com- 
pany. Between 1914 and 1921 he was 
chief engineer of the Ohio State Telephone 
Company, with headquarters at Columbus, 
in charge of all engineering, construction 
and maintenance of its properties. In 1921 
he became vice-president and general man- 
ager of the Mountain Home Telephone 
Company (later called the Northern New 
York Telephone Corporation) which owned 
and operated the long distance telephone 
system of northern New York State. In 
1932, when the Northern New York Tele- 
phone Corporation was merged with the 
New York Telephone Company, Mr. Brooks 
was appointed assistant division manager at 
Plattsburgh, for the latter company. Mr. 
Brooks was active in the affairs of Platts- 
burgh, having been president of the Y. M.- 
C. A., the Physicians Hospital, and the 
Chamber of Commerce. For many years 
he served the latter organization as chair- 
man of the committee on publicity. 


WILL1AM AUGUSTUS BUCKE (A’02, M’13) 
manager of the apparatus sales department, 
Canadian General Electric Company, Ltd., 
Toronto, Ont., Canada, died June 23, 1933. 
He was born in Sarnia, Ontario, Canada, 
in 1873. In 1894, he graduated from the 
School of Practical Science in Toronto, and 
in 1895 received the degree of bachelor of 
applied science from the University of 
Toronto. Between 1896 and 1900, he was 
with the Royal Electric Company of Mon- 
treal, first being in the testing department 
for one year, then erecting engineer for 3 
years, and then a few months as agent. 
When this company was absorbed by the 
Canadian General Electric Company, Ltd., 
in 1901, Mr. Bucke was transferred to the 
staff of the Toronto district office of the 
latter company. In 1907 he became 
manager of the Toronto district office. 
Upon the formation of the apparatus sales 
department in 1919, Mr. Bucke was ap- 
pointed manager, holding this position until 
his death. He was a past-president of the 
Toronto Engineers’ Club, and was a mem- 
ber of the Toronto Electric Club and The 
Engineering Institute of Canada. He also 
was a member of the Senate, University of 
Toronto, Empire, Canadian, and National 
Clubs, and the Mississauga Golf Club. 


Joun E. SumprerR (M’23) manager of the 
J. E. Sumpter Company, Minneapolis, 
Minn., died July 31, 1983. He was born 
at Union Grove, Wis., in 1891. Between 
1907 and 1908 he was in the meter and repair 
department of the Mobile Electric Com- 
pany, and between 1908 and 1909 was stu- 
dent and later in charge of meter testing 
at Racine, Wis., for the Milwaukee Elec- 
tric Railway and Light Company. Be- 
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tween 1909 and 1911, he was with the Cos- 
mopolitan Electric Company, Chicago, IIl., 
as foreman of the meter department. Dur- 
ing 1911 and 1912 he was foreman on elec- 
trical construction for the Consumers 
Power Company, St. Paul, Minn., and in 
1913 was superintendent of construction of 
power plants and transmission for the Power 
Distribution Company, St. Paul. In 1914 
he had a similar position with the Sterling 
Electric Company, and during 1915 and 
1916 he was foreman of construction for 
the Minneapolis General Electric Com- 
pany. In 1917 he was with the Post Con- 
struction Company, Fort Snelling, Minn., 
and between 1919 and 1920 was executive 
officer in charge of construction and opera- 
tion of camp utilities at Camp Dodge and 
Ft. Des Moines, Iowa. His commissioned 
rank was captain. In 1921 he became 
designing engineer in the substation depart- 
ment of the Delta Star Electric Company, 
Chicago, Ill. In 1922, he organized the 
J. E. Sumpter Company, at Minneapolis, 
specializing in substation and transmission 
structure design, and serving as district 
manager and engineer for the manufac- 
turers of various lines of high voltage equip- 
ment. 


Ropert Lrnpsay (A’98) president and 
general manager of the Cleveland (Ohio) 
Electric Illuminating Company, died Au- 
gust 25, 1933, at his home in University, Va. 
He was born in 1869 at Rahway, N. J. In 
1887, he started in the testing room of the 
Edison Lamp Works at Harrison, N. J., 
working under John W. Howell (A’87, 
M’88, F’12, member for life and past- 
manager) Edison’s famous associate, after 
which he was transferred to the instrument 
department. In 1890 he became assistant 


to the general manager of the Brooklyn 
(N. Y.) Edison Company, working under 
W.S. Barstow (A’94, F’12, life member, and 
past vice-president). In 1904 Mr. Lind- 
say went with the Cleveland Electric Ilumi- 
nating Company, assuming full charge of 
the construction and operation of the com- 
pany. He had been with the company 
continuously since that time, and has been 
responsible for many engineering develop- 
ments, and the successful management of 
the company. Mr. Lindsay was a director 
of the North American Company, which 
controls the Cleveland utility. He also 
was a member of the Edison Pioneers, and 
of numerous organizations in Cleveland. 


FREDERICK JESSEN RASMUSSEN (A’26) 
a member of the technical staff of the Bell 
Telephone Laboratories, New York, N. Y., 
died August 7, 1933. He was born at Bos- 
ton, Mass., in 1897. In 1918 he received 
the bachelor of science degree from Massa- 
chusetts Institute of Technology, Cam- 
bridge, and interested himself for the suc- 
ceeding 2 years in the electrolytic refining 
of copper, tin, and bismuth for the Ameri- 
can Smelting and Refining Company, 
Perth Amboy, N. J. For one year of this 
period he was in responsible charge of metal- 
lurgical operations. In 1921 he joined the 
engineering department of the Western 
Electric Company, being first engaged in 
the mechanical analysis of apparatus. 
With the formation of the Bell Telephone 
Laboratories in 1925, he continued in de- 
velopment work, being concerned with 
electrical measuring apparatus for a while. 
For some years he has been in charge of the 
group handling frequency measurements 
and vacuum tube oscillators and amplifiers 
for high precision testing. 
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Of the ierecsienecersexsy Societies Enolovnernt Saevice 


Men 
Available 


Construction 


ELEC MAINTENANCE FOREMAN, 32, 
with 14 yrs practical experience in erection, constrn 
and operation of industrial plants and mine desires 
work. Past 4 yrs spent in mining camps in So. 
Am. Working knowledge German, Spanish. 
Available immediately. Location immaterial. C- 
2101 


GRAD ENGR, 33, single, 5 yrs experience as 
electrician on the installation of It and pwr in large 
industrial and pub bldgs and 3 yrs on drafting and 
designing, is seeking connection which will lead into 
position as cost estimator or constrn foreman with 
elect contractor. D-2486 


Design and Development 


B.S. in E.E., Harvard, 1924. Eight yrs with 
G.E. Co, 5 yrs in research lab with experience in- 
volving vacuum technique, elec problems, etc. 
Would like research or devpt work with small or 
medium-sized mfg co with opportunity for ad- 
vancement. Location immaterial. Available 
immediately D-1486 


ELEC ENGR, married, univ grad E.E. and 
M.E. Twenty-two yrs experience design, constrn 
pwr plants, substations, transmission, distrn sys- 


tems; 3 yrs exec experience charge engg dept 
large util syndicate; 3 yrs purchase engg equipt 
for foreign interest. Languages English, German, 
Russian, Armenian and Turkish. Available im- 
mediate service design, constrn, operation or pur- 
chasing. D-84 


INDUCTION MOTOR DESIGNER, elec de- 
signing engr with wide experience in designing all 
types and sizes of induction motors. For the past 
20 yrs has been connected with 2 of the country’s 
leading elec mfrs. D-2069 


ELEC ENGR, Am, Worcester P. I., Univ of 
Glasgow, Scotland. One and one-half yrs sub- 
marine bldg co; 2 yrs Western Elec Co; 9 yrs 
Bell Tel Lab. design, lab testing of automatic tel 
switching systems, 1 yr radio manufacturer. De- 
sires connection where bold and original ideas are in 
demand. D-1942 


ELEC MECH DESIGNER, Assoc. A.I.E.E., 
31, 5 yrs design experience abroad substation equipt, 
oil circuit breakers, automatic switchgears, control 
apparatus, 11/2 yrs design cable accessories, under- 
ground pwr transmission, junction boxes, low and 
high voltage terminals, available at once. Location 


immaterial. C-5843 
Executives 

RADIO OPERATOR, radiotelephone, second 
class, desires connection with any organization 


using asi licensed for work covered by this 
type. D-1309 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


31 West 39th St. 
New York 


911 West Wacker Drive 
Chicago 


57 Post St. 
San Francisco 


Opportunities —A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at 4 subscription of $3 per 
auerter or $10 per annum, payable in advance. 


AINTAINED by the nations! societies of civil, 
mining, mechanicei, and electrical engineers, 
In cooperation with the Western Society of Engi- 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An inquiry addressed to any of the 
three offices will bring full information concerning 


Voluntary Contributions—Members benefiting 
the services of this bureau. 


through this service are invited to assist In Its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Men Available.—Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month's interval: 
Names and records remain on file for three months, 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra three-cent stamp enclosed 
for forwarding. 


See ee —— Eee enn nna 


Instruction 

ASSOC OR ASST PROF OF E.E., 34, B.S. in 
E.E. and M.S. in E.E. Five yrs teaching experi- 
ence leading tech school, 3 yrs as asst prof; 4 yrsin 
charge of education and training for natl tech corp. 
Any location. C-8967 


ELEC DESIGN ENGR, 48, ‘married, tech 
school grad, thoroughly familiar with layout and 
design of pwr and substations having been con- 
nected for past 9 yrs in engg dept of large util. 
Also experienced, organization and maintenance of 
meter test dept. Speaks Portuguese. Seven yrs 
foreign experience. Available immediately. Will 


goanywhere. C-9886-314-C-14-San Francisco ENGG INSTRUCTOR, 33, single, mechl and 


elecl degrees, specializing in mech design, mathe- 
matics, etc., 4 yrs instr at Cornell Univ followed by 
5 yrs practical design work for Allis-Chalmers. 
Salary open. D-122 


ELEC ENGR, 42, single, Am. Over 20 yrs 
experience, design, constr, operation, maintenance 
and repair of equip in steam and hydroelec pwr 
stations, substations, transmission lines and factory 
equip including both elec, mech and other as- 
sociated work such as foundations, piping, etc. 
Considerable experience in foreign countries and 


Junior Engineers 
JR ENGR, B.S. in E.E., 1933, Va. Poly Inst, 22, 


speaks Spanish fluently. C-502. single, Pi Delta Epsilon. Col work in pwr. Es- 

a pecially interested in engg journalism, tech report 

ELEC ENGR, 43. married. Cornell Univ work, ete; 2 yrs experience assisting in editing 3 

grad, also A.B. degree asia IDYADENTG? WIaTRen Fight col publications. Location immaterial. Excellent 
yrs util experience, 4 yrs as mgr of property. Ex-  ‘eferences. Availableimmediately. D-2426 


perienced in preparation of appraisals, budgets, 
financing and genl mgmt problems. Also have had 
experience in testing motors, elec meters and tele- 
‘ phone transmission. Available at once. C-5979 


PURDUE GRAD, 1929, B.S. in E.E., 26, single. 
Six mos with radio mfr; 1 yr extensive util train- 
ing course, 6 mos in engg office. References. De- 
sires employment with util or mfr. D-1801 


SPECIALIST, E.E. design, constrn—switch- 
boards, metering, protection of apparatus trans- 
mission lines, distrn systems. Consider position, 
investigator insurance co-~maintenance engr elec 
control of steam boiler auxiliaries, familiar Bailey, 
L&N Co. & Hagan controls, control engr for con- 
veyor equip co and control of automatic machines. 
Twenty-five yrs experience, 9 yrs S. & W. Engg 
‘Corp. B-7290 


STATISTICIAN, 27, single, B.S. in E.E.; cor- 
respondence work in bookkeeping; passed local 
civil serv examination; can arrange interview any 
Pacific Coast city. Available 1 mo. Location 
West or Alaska. D-2463-338-C-1-San Francisco. 


B.S. in E.E. 1932, Missouri Schl of Mines, 
specializing pwr engg with communication minor, 
22, single. Desires work, laborer or professional, 
elec field with chances for advancement. Three 
mos experience elec refrigeration G.E. Co. Un- 
employed since graduation. Not afraid to work. 
Go anywhere in U.S. Salary immaterial. Avail- 
able immediately. Good references. D-2464 


TRACTION ENGR, 29, single, 5 yrs experience 
on elec-traction shops as inspector, since then and 
at present in charge of serv of Southeast on registers. 
Two yrs at Ga. Tech, later graduated in E.E. from 
the I.C.S. Was radio operator. Desires posi- 
tion as asst engr for elec traction. D-80 


B.S. in E.E., Lafayette Col, 1933, single, 21. 
Tau Beta Pi, secy-treas student branch of A.I.E.E.; 
desires position in elec field, preferably research. 
Location and salary secondary. Available im- 
mediately. D-2489 


GRAD E.E., 15 yrs engg experience with pwr 
co, now employed, desires to make a change; loca- 
tion desired Middle West. C-964 


E.E., 35, 10 yrs experience covering plant design, 
estimating, specifications and field work of central 
stations, substations, transmission lines, metallurgi- 
cal plants and industrial bldgs. Also 1 yr cable re- 
search work and 1 yr elev testing. Licensed N. J. 
engr; English and German languages. Available 
immediately. C-5473 


E.E. GRAD, Armour Inst. Eta Kappa Nu. 
Single, 24. Exp in installing, wiring, and testing 
automatic telephone exchange switchboards; 4 
yrs util experience as substation operator and distrn 
dept, incl. latest in mercury arc rectifiers, ry, 
d-c, and a-c distribution systems. Location im- 
material. Desires growing connection. D-2528 

PLANNING ENGR, 2 yrs Westinghouse; 2!/2 
yrs util transmission planning. Univ of Ill grad, 
B.S. Available immediately. Location immate- 
rial. C-9381 


ELEC ENGR, E.E. deg, young, formerly in 
charge of field office for Federal Radio Commission; 
with teaching, research, administrative, operation, 
inspection and pub relations experience, desires 
opportunity wherever sterling character and ex- 
perience may be profitably utilized. Character 
references from major executive available. D-1804 


TECHNICAL TRAINED MAN, 33, single, 10 
yrs experience in It and pwr distrn of high class bldgs. 
Layout and specifications, contracting and super- 
vision of constr. Partner of cons engg firm in 
N. Y. City for 4 yrs. Exec ability, highest refer- 
ences. Desires position with future. Location im- 
material. D-2519 


B.E.E. 1931, U.D. codperative course, 26, single. 
Earned the major part of col expenses. Four yrs 
elec constrn; 2 yrs stadium Itg; 1/2 yr inspection. 


, : Would like any type of engg work with opportunit 
E.E. AND DESIGNER, 47, married, univ grad. for advancement. Will go aay enero GHces 


Two yrs G.E. test and lab, 18 yrs experience on D-1060 
design, production and manufacture with larger 
cos, mainly on transformers and similar apparatus. EH loss RePiole sincle 


Eighteen mos on devpmt of resistance welding yj Member of Sigma 


Some experience in business office and elec 


machy. Some experience in exec capacity. C-8806 mfg co. Can type. Specialized in pwr and It 

b : : engg. Conscientious worker. Location, character 

ENGG EXEC in any of the following lines: food of work, salary immaterial. Best references. 
preparing machy, mech and elec research in food or D-2467 


textile industry or any related elec industry. 
Graduate E.E., educated in German Univ. Age 
33, married. Ten yrs devpmt and factory experi- 
ence, possess good personality, adaptability, fore- 
sight and have held responsible positions. C- 
4160—4793-Chicago 


B.S. ’ in E.E. Brown Univ, 1933, 22, single. 
Specialized in electronics. Two yrs part time with 
Elec Research Products, Inc. Industrious and 
willing to take any position in E.E. line affording 
experience and possible advancement. Best refer- 
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location although East preferred. 
D-2523 


ences. Any 
Available immediately. 


B.E.E., Polytechnic Inst. Bklyn, 1933, single, 
21. Tau Beta Pi. Honor student. Grad with 
honors. Desires experience and opportunity in 
E.E. field. Preference for N. Y. C. location. Salary 
secondary. Avalable immediately. D-2526 


B.S. in E.E., R.P.I., 1932, with honors, 22, single. 
Experience in radio servicing, amateur radio. 
Desires position in any elec field. Available im- 
mediately. Location and salary immaterial. D- 
2524 


B.S. in E.E. 1930, M.S. in E.E. 1931. Married, 
25, no physical defects. M.S. deg with honors. 
Experienced in gen elecserv and constr; 1 summer 
in relay dept pwr co, 1 yr teaching elec. Any kind 
of elec refrg, or air cond work is greatly needed. 
D-1198 


B.S. in E.E. 1932, 25, single. Desires any type 


of E.E. work. Available immediately. Salary 
secondary, location immaterial. D-1559 
E.E. GRAD, 1931 codperative school, 21/2 yrs 


pwr plant, switching station, and substation constrn, 
and maintenance, 11/2 yrs meter testing. Desires 
connection with util, industrial or elec ry co. 
Tecation and salary optional. Will do anything. 
D-2531 


Maintenance and Operation 


PLANT OR MAINTENANCE ENGR, M.E. 
Cornell, married. Practical experience for 15 
years in application, maintenance, design and build- 
ing of manual and automatic elec equip for indus- 
trial and central stations together with thorough 
knowledge of maintenance materials qualifies me 
for a permanent connection. Salary requirements 
in line with today’s conditions. D-1273 


Research 


DEVELOPMENT ENGR _ who has_ demon- 
strated inventive and exec ability as chief engr of 
co leading its field; 20 yrs experience with design 
and manufacture of all types of motors and motor 
driven machy. Served as director and can assist 
sales dept. Alex. Hamilton Inst., 2 deg, honors, 
Ill, D-404 


Sales 


SALES ENGR, E.E. deg, 31, single; 31/2 yrs 
high grade sales experience selling mfrs, industrials 
and educational institutions, contacting  dis- 
tributors’ branches, etc. Excellent correspondent. 
Several years’ engg dept large util, also several yrs 
elec testing. Underwriters’ Laboratories; some 
electrical contracting. Interested, desirable open- 
ing anywhere. Moderate .remuneration. Avail- 
able immediately. D-1344 


Membership 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately after 
the name. Any member objecting to the election 
of any of these candidates should so inform the 
national secretary before October 31, 1933, or 
December 31, 1933, if the applicant resides outside 
of the United States or Canada. 


Ashford, G. W., A. & M. Col. of Texas, College 
Station. 

Ballard, B. A., Nat. Res. Council Ottawa, Can. 

Barrow, W. L. (Member), Mass. Inst. of Tech., 
Cambridge. 

Chandesh, C., E-J Elec. Installation Co., New 
York City. 

Gale, L. G. (Member), James Wilkinson & Co., 
Boston, Mass. 

Guice, F. J., Memphis Pwr. & Lt. Co., Tenn. 

Killgore, C. L., Babcock & Wilcox Co., Boulder 
City, Nev. 

Lehmann, H. G., 109 Columbia St., Bergen Co., 
Woodridge, N. J. 

McNellis, B. J., 35-11 21 Ave., Astoria, L.I., N. Y. 

Robinson, E. E., Ill. Pwr. & Lt. Corp., Kewanee. 

Sanborn, C. A., Lab. of Ford Instrument Co., Inc., 
ede CityNews 

Schwerdtfeger, W. J., Pub. Serv. Corp., of N. J., 
Harrison. 

Steckler, H. A., Henry A. Steckler, Inc., New 
Orleans, La. 

Timoshenko, G S., Univ. of Mich., Ann Arbor. 

Weber, C. H. (Member), The Chesapeake & Poto- 
mac Tel. Co. of Va., Richmond. 
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Wilcox, R. B., Gen. Cable Corp., N.Y. City. 
16 Domestic 


Foreign 


Heyne, H. (Member), c/o Koch & Sterzel, Dresden, 
Germany. 

Mehrotra, J. P., c/o Messrs. Kalyan Singh & Sons, 
Balrampur, India. 

Torrance, A. E., Municipal 
Port Elizabeth, So. Africa. 


3 Foreign 


Electricity Dept., 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Blackhall, Harold J., Postlagernd, Essen, Germany. 
Bugnion, Frank E., 14 Clinton St., Cambridge, 


Mass. 
Collins, H. Stanley, 100 Carlson Road, Rochester, 
N. Y ‘ 


Endicott, E. M., 2020 Monroe St., Toledo, Ohio. 

Hamby, H. M., 708 F St., N. E., Washington, D. C. 

Ingles, J. A., c/o Trans. Dept., H. E. P. C., Mac- 
Lean Bldg., Toronto, Ont., Can. ‘ 

Jones, Edgar A., 2590—35th St., Astoria, L. I., 
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iiticeature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
during July are the following which have 
been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no responsibility for state- 
ments made in the following outlines, in- 
formation for which is taken from the pref- 
ace or text of the book in question. 


COMMON SENSE about MACHINES and 
UNEMPLOYMENT. By M. P. Taylor. Phila., 
Chicago, Toronto, J. C. Winston Co., 1933. 173 
p., 8x5in., cloth, $1.50. Argues that mechanization 
of industry has directly reduced employment and 
indirectly reduced trade, not as a necessary effect 
but by unbalancing production and consumption. 
If the latter were kept adjusted, machinery would 
improve the average standard of living and advance 
material civilization. Discusses the reasons why 
we have failed to use machinery properly, and ex- 
amines the remedies that have been proposed. 


DEBT and PRODUCTION, the Operating 
Characteristics of Our Industrial Economy. y 
Bassett Jones. N. Y., John Day Co., 1933. 147 
p., illus., 9x6 in., paper, $2.00. Discusses produc- 
tion, employment, price, and the relation of debt 
to production. Many assumptions in standard 
statistical works are criticized adversely. Mr. 
Bassett Jones concludes that physical production 
and debt have been growing at differential rates 
until a point has been reached where production 
ean no longer carry the load of debt imposed upon 
it. Contains an “introduction” occupying ?/3 of the 
book, which presents in plain English the conclu- 
sions drawn from his mathematical analysis. 


DIFFERENTIAL EQUATIONS for ELECTRI- 
CAL ENGINEERS. By P. Franklin. N. Y., 
John Wiley & Sons, 1933. 299 p., illus., 9x6 in., 
cloth, $2.75. Assumes only the knowledge of ordi- 
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nary differential equations usually included in a 
first course in the calculus. Treats of the ordinary 
differential equations which arise in determining 
the flow of current in a network with lumped con- 
stants and with some formal knowledge of complex 
numbers and Fourier series. Contains an ele- 
mentary working knowledge of partial derivatives 
and partial differential equations. A section of 
a more theoretical nature is devoted to analytic 
functions and the convergence of Fourier series. 


DIRECT and ALTERNATING CURRENTS, 
Theory and Machinery. By E. A. Loew. N. Y. 
& Lond., McGraw-Hill Book Co., 1933. 656 p., 
illus., 9x6 in., cloth, $4.50. Intended primarily for 
students desiring a short survey course in the theory 
of the electric circuit and the operating principles 
of electric machines. Fundamental principles, 
rather than factual data predominate in the work. 


ELECTRON TUBES and THEIR APPLICA- 
TION. by J. H. Morecroft. N. Y., John Wiley 
& Sons, 19338. 458 p., illus., 9x6 in., cloth, $4.50. 
Treats generally of the extraction of electrons 
from matter and the methods of utilizing them. 
Discusses the characteristics and applications of 
all types of commercial tubes. The field is covered 
in reasonably thorough fashion, with full attention 
to the industrial uses of electron tubes, and is 
written in a style that will enable the average engi- 
neer to master its contents. 


GRUNDLAGEN und ENTWICKLUNG der 
ENERGIEWIRTSCHAFT OSTERREICHS. 
Offizieller Bericht des Osterreichischen National- 
komitees der Weltkraftkonferenz. Erginzungsband 
1930-1933. By O. Vas. Vienna, Julius Springer, 
1933. 84 p., illus., 11x8 in., paper, 4.80 rm. At 
the Berlin world power conference in 1930 the 
Austrian committee presented a comprehensive 
report on the power resources of Austria. The 
present volume, prepared for the Scandinavian 
sectional meeting of 1933, is a supplement to that 
report, which describes developments during the 
intervening years. Fuels, water power, electrical 
plants, distribution systems, and regulation are 
discussed. 


HANDBOOK of MATHEMATICAL TABLES 
and FORMULAS. Compiled by R. S. Burington. 
Sandusky, Ohio, Handbook Publishers, 1933. 251 
p., 8x5 in., lea., $2.00. Provides, in one compact 
volume, the mathematical formulas and tables 
needed by engineers, physicists and students of 
mathematics. It contains the more important 
formulas and theorems of algebra, trigonometry 
analytic geometry, calculus and vector analysis, 
a comprehensive table of series, derivatives and 
integrals, and also 5-place logarithmic and trigo- 
nometric tables. 


NATIONAL PHYSICAL LABORATORY RE- 
PORT for the YEAR 1932. London, Dept. of 
Scientific and Industrial Research. (N. Y., Brit- 
ish Library of Information.) 1933. 277 p., illus., 
11x9 in., paper, 14s Od. Describes the research 
work of the year in physics, electricity, metrology, 
engineering, metallurgy, and naval architecture. 
The reports are in sufficient detail to be valuable 
and are illustrated by photographs and drawings. 


PRINCIPLES of INDUSTRIAL ORGANIZA- 
TION. By D. S. Kimball. 4 ed. N. Y. & 
Lond., McGraw-Hill Book Co., 1933. 460 p., 
illus., 9x6 in., cloth, $4.00. The scientific back- 
ground of production and the methods and mecha- 
nisms of management that have been devised 
to control it are clearly and concisely presented in 
this textbook for engineering students. The new 
edition has been thoroughly revised, but has been 
kept to a reasonable size, suited to instructional 
uses. 


PRINCIPLES OF MOTOR TRANSPORTA- 
TION. By F. K. Edwards. N. Y. & Lond., Mc- 
Graw-Hill Book Co., 1933. 377 p., illus., 9x6 in., 
cloth, $4.00. A comprehensive study of the prob- 
lems of freight and passenger transportation. 
Methods of development, organization, and opera- 
tion, maintenance problems, rate making, valua- 
tion and regulation are discussed. The practises 
of successful operators are described. 


PUBLIC UTILITIES and the PEOPLE. By 
W. A. Prendergast. N. Y. & Lond., D. Appleton- 
Century Co., 1933. 379 p., 8x6 in., cloth, $3.00. 
The former chairman of the public service com- 
mission of the State of New York presents a timely 
discussion of utility companies in general and elec- 
tric utilities in particular. Such controversial ques- 
tions as the “‘power trust,’’ holding companies, 
valuation, rates, regulation and public ownership 
are considered fully. 


SPANNUNGSREGELUNG mit GLEITTRANS- 
FORMATOREN. By O. Lébl and N. Hammerl. 
Berlin, Julius Springer, 1933. 20 p., illus., 8x6 in., 
paper, 2rm. Describes a new type of voltage regu- 
lator in which the relative position of the primary 
and secondary windings is adjusted by sliding one 
past the other. The regulator is described briefly, 
its uses indicated and some examples shown. 


STEAM, AIR, and GAS POWER. By W. H. 
Severns and H. E. Degler. 2 ed. N. Y., John 
Wiley & Sons, 1933. 480 p., illus., 9x6 rye cloth, 
$4.00. An elementary text for use in courses in 
heat engineering where only a limited amount of 
work in the subject can be included. Describes 


typical equipment. and explains the theory of such 
machines and devices. Only simple mathematical 
calculations are used. The new edition has been 
rearranged and revised, and the problems have been 
replaced by new ones. 


SYMMETRICAL COMPONENTS as Applied 
to the Analysis of Unbalanced Electrical Circuits. 
by C. F. Wagner and R. D. Evans. N. Y. 
Lond., McGraw-Hill Book Co., 1933. 437 p., 
illus., 9x6 in., cloth, $5.00. This, the authors as- 
sert, is the first text which gathers together the 
fundamental theory underlying this generally -ac- 
cepted method, and discusses its principal applica- 
tions. The book is intended for practising engi- 
neers and graduate students. A bibliography is 
included. 


VALUE THEORY and BUSINESS CYCLES. 
by H. L. McCracken. N. Y., Falcon Press, 1933. 
270 p., charts, 9x6 in., cloth, $4.00. Recent years 
have produced many books on business cycles and 
price movements, in which highly divergent and 
often contradictory views have been presented. 
This, in this writer’s opinion, is because of a failure 
to recognize that price movements and business 
cycles are problems in value theory. The present 
eee is devoted to make the vital relationship 
clear. 


WHAT ELECTRICITY COSTS, in the home 
and on the farm; a Symposium. Edit. by M. L. 
Cooke. N. Y., New Republic, Inc., 1933. 231 
p., illus., 8x5 in., paper, $1.00. This volume con- 
tains papers presented before the Institute of Public 
Engineering on January 20, 1933. The meeting 
was devoted to the cost of distributing electrical 
power and various phases of this subject are here 
discussed by experts. The book contains much of 
value upon the measurement of distribution costs, 
the present status of cost finding and the relations 
of cost to use. 


ACCOUNTING MANUAL for SMALL 
CITIES. (Publication No. 1.) By C. H. Chat- 
ters. Chicago, Municipal Finance Officers’ Assn. 
of the U.S. and Canada, 1933. 79 p., charts, 
tables, 10x7 in., paper (no price given). This 
pamphlet describes a system of accounting ade- 
quate to the needs of cities under 25,000 population. 
The necessary accounting statements, the books to 
be kept, the accounts, the relation of the accounting 
system to allied activities, and journal entries are 
discussed. Samples of the necessary forms are 
given. The book is issued by the Municipal 
Finance Officers’ Association. 


ELECTRICAL CIRCUITS and MACHINERY. 
Wis Continuous Currents. By J. H. Morecroft 
and F. W. Hehre. 2 ed. N. Y., John Wiley & 
Sons, 1933. 457 p., illus., 10x6 in., cloth, $4.00. 
Starting with a thorough presentation of the funda- 
mental principles of electric and magnetic circuits, 
this textbook for elementary undergraduate courses 
proceeds to an analysis of the more important 
machines and equipment used in continuous-cur- 
rent engineering. The work includes the informa- 
tion wanted by the average student in any branch 
of engineering, is clearly written and well illus- 
trated. The new edition has been revised and 
modernized. 


ENGINEER’S MANUAL of ENGLISH. By 
W. O. Sypherd and S. Brown. Chicago, Atlanta, 
Dallas, and N. Y., Scott, Foresman & Co., 1933. 
515 p., illus., 7x5 in., lea., $2.00. The first half 
of this work is a concise textbook of English com- 
position, in which emphasis is placed upon corre- 
spondence, reports, articles, bulletins, specifica- 
tions and other forms of writing with which engi- 
neers are especially concerned. The second con- 
tains specimens of engineering writing, for study and 
analysis. 


Engineering Societies Library 
29 West 39th Street, New York, N.Y. 


Mena: as a public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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fisdustrial Notes 


Charles F. Norton Joins Allis Co.—Chas. F. 
Norton, former vice-president and general 
manager of the Howell Electric Motors Co., 
has become associated with The Louis Allis 
executive sales 


Co., Milwaukee, in an 
capacity. 
Ohio Brass Awarded Large Insulator 


Order.—The Ohio Brass Company, Mans- 
field, Ohio, has been awarded the contract 
for 253,000 suspension insulators by the 
Bureau of Power and Light, City of Los 
Angeles, for the 270 mile, 275-kv power 
transmission line between Boulder Dam 
and the City. The insulator contract is one 
of the largest ever awarded, amounts to 
approximately $435,000, and calls for de- 
liveries from January 1, 1934, to January 1, 
1935, on which production has been started 
in both the Mansfield and Barberton plants. 
The former will supply 325 tons of malleable 
iron caps which will be assembled with the 
porcelain parts made in the Barberton 
plant from which will be shipped a total of 
75 carloads of completed insulators. 


G-E Now in Own New York Building.— 
The General Electric Company and four of 
its associated companies have moved their 
offices in New York City to the new General 
Electric Building, 570 Lexington Avenue at 
5ist Street. Included are the executive 
offices, New York district office, air con- 
ditioning department, electric refrigeration 
department, Atlantic division of the in- 
candescent lamp department, merchandise 
department, and plastics department, the 
International General Electric Company, 
Inc., and other affiliates. Approximately 
one-half of the new building, which is 50 
stories high, is occupied by the company. 
Fourteen of the General Electric offices in 
the new building have been furnished with 
air conditioning equipment. 


New Oil Circuit Breaker.—The Delta-Star 
Electric Company, Chicago, Ill., has de- 
veloped a new rectangular tank type 
“CR-380AT”’ 15 kv, 600 amp, three pole 
breaker with an interrupting capacity of 
50,000 kva at rated voltage. The fabri- 
cated steel head is heavily gridded on the 
inside and the Lamphenite insulated studs 
are cross braced with treated wood. Lift 
rods are guided by rollers and cross-tied to 
insure positive contact and alignment. 
The main contacts are silver surfaced and 
self-contained shock absorbers absorb im- 
pact forces. Main shaft bearings are bronze 
bushed. A multipart oil retractor separates 
the oil from the gases during arc extinction, 
allowing the latter to be carried away 
through a header. 


New Texsteel Texrope Drive Ratings.— 
Allis-Chalmers ‘“‘Texrope’’ V-belt drive 
with one or both sheaves ‘‘Texsteel’’ are 
now available from !/s to 15 hp, suitable for 
many industrial applications. Texsteel 
sheaves are grid type construction, with 
accurately formed heavy gauge steel sec- 
tions electrically welded at web and rim. 
Outer rims are rolled for protection, good 
appearance and strength. Integral bush- 
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ings or solid bored hubs are standard. Tex- 
steel sheaves are well-balanced, light in 
weight and practically indestructible. Tex- 
steel Texrope drives are particularly eco- 
nomical where large numbers of V-belt 
drives are required or, as standard equip- 
ment for machinery manufacturers. The 
Texsteel sheaves have an attractive alu- 
minum finish. 


New Magnetic Starter.—For motors up to 
15 hp, 220 volts, and 30 hp, 440-550 volts, 
the Electric Controller & Mfg. Company, 
Cleveland, has developed its type ZOS oil- 
immersed, across-the-line, combination mag- 
netic starter, containing an unfused or 
fusible safety switch, a magnetic starter 
with overload relays, and heavy duty test 
jacks for those applications where it is de- 
sired to insert meters in the motor circuit 
without interrupting the operation of the 
machine. All of the internal wiring of these 
starters is complete. Although designed 
for the severe service encountered in mill 
duty, these starters are exceptionally small 
and narrow, having safety switch front 
operation and a cover that swings vertically. 
This makes them especially desirable for 
mounting in restricted spaces such as be- 
tween the flanges of columns, for mounting 
on motor driven machines or where many 
starters are closely grouped along a wall. 


New Clip-On Ammeter.—Ferranti, Incor- 
porated, New York, who a little over a year 
ago brought out a dual range 0/100—0/500 
ampere standard clip-on ammeter, now an- 
nounce a new model which, instead of being 
supplied in the single combination of 0/100 
and 0/500 amperes, can be furnished with 
single or dual ranges in any combination of 
from 7.5 to 1000 amperes, the first point on 
the scale in each case being 10% of full 
range. The lower range clip-on ammeters 
are slightly more expensive due to the use 
of a special highly accurate instrument. 
However, extreme accuracy is thus obtained 
aud the current consumed by small motors, 
etc., can be accurately and quickly recorded. 
Any of the clip-on ammeters can be placed 
around an insulated or uninsulated conduc- 
tor leading to a motor, transformer, etc., 
etc., and the current quickly measured 
without shutting down the load or discon- 
necting the circuit in any way. The handle 
of the instrument is insulated from a bare 
copper conductor placed in the window of 
the magnetic circuit for 15,000 volts, so 
the meter may be used with safety as well 
as convenience and accuracy. 


Outdoor Meter Box.—A new, exceptionally 
compact, aluminum outdoor meter box has 
been introduced by the Switch and Panel 
Division, Square D Company, Detroit, 
Mich. The box is only 153/, inches high 
by 8 inches wide and 8 inches deep. The 
wiring method indicates entrance of the 
service through the top. Load wires are 
then brought out through the bottom or the 
back of the box, as preferred. Ample wiring 
space is available due to the fact that the 
meter and the test block are elevated from 
the back of the box permitting wires to be 
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run underneath. The new test block is only 
211/15 inches high by 5°/15 inches wide, em- 
ploying the sequence of “‘two-in, two-out’’— 
the line connections being brought into the 
meter through the two left-hand legs and 
the load through the two right-hand legs. 
Semi-rigid meter connectors permit the 
meter terminal chamber to slide down over 
them with ease. Testing is accomplished 
by means of jumpers. Test links are pro- 
vided in each leg of the test block. Test 
clips are included with the block. Special 
sealing arrangements have been provided 
for, with provisions for a glass seal, if de- 
sired. The new unit is listed as standard 
by the Underwriters Laboratories. 


Weads latecanure 


Balancing Machine.—Bulletin, 4 pp. De- - 
scribes the Olsen vibro-electric, self-indi- 
cating, static-dynamic, balancing machine, 
style ‘‘E-O,” suitable for balancing the 
rotors of the smallest motors with great 
accuracy and speed. Tinius Olsen Testing 
Machine Co., 500 North 12th St., Phila- 
delphia, Pa. 


Vertical Motors.—Bulletin 174, describes 
three different types of vertical motors, and 
by means of illustrations of applications 
explains how horizontal-type motors can be 
mounted vertically, thus saving the cost of 
special vertical construction. Wagner Elec- 
tric Corp., 6401 Plymouth Ave., St. Louis. 


Valves.—Catalog 23, 264 pp. Describes 
400 Jenkins valves in a wide range of types 
and patterns. All features of design and 
construction are clearly and fully outlined. 
Services, pressures, temperatures and fluids 
for which the valves are recommended are 
included. The last section of the book 
contains many pages of engineering data 
usually required when valves are specified. 
Jenkins Bros., 80 White Street, New York. 


Surge Protection Equipment.—Catalog 38, 
96 pp. Describes the complete line of 
Westinghouse surge protection devices. 
Listed new equipment includes watthour 
meter protectors, transformer gaps and 
neutral arresters, De-ion relief gaps, surge 
protection for rotation machines, and surge 
generators. All the necessary information 
to aid in buying equipment is included such 
as discussion of the application, prices, in- 
structions for ordering, approximate multi- 
pliers, style number index, etc. Westing- 
house Elec. & Mfg. Co., E. Pittsburgh, Pa. 


Switchboard Instruments.—Bulletin MS-1, 
describes a new line of a-c and d-c switch- 
board instruments and switchboard panels. 
Instruments of type E-45 are suitable for 
the highest type of switchboard work, type 
S-30 being used where smaller and lower cost 
meters are desired. The former measure 
5 inches across front flange, and the latter 
25/s inches. Four standardized types of 
panels, to meet average requirements, are 
listed; special designs being supplied to 
Columbia Electric Mfg. Co., 1292 
East 53rd St., Cleveland, Ohio. 
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